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XII 


THE DETECTION OF FORMIC ACID IN FOODS 


By A. G. WOODMAN anp A. L. BURWELL 


WITHIN the last few years several instances have been reported in 
chemical journals of the use of formic acid as a preservative of foods. 
There are on the market several preparations sold for food preservation 
which consist largely of sodium formate. The general interest in the 
subject led the authors to take up a critical study of the methods 
for the detection of formic acid. 

Most of the tests given in the journals and described in text-books 
are not suited for.use with food materials, in which it is impracticable 
to separate small amounts of formic acid from other reducing agents. 
Some of the methods of separation proposed are of value with consid- 
erable amounts of formic acid, but not available for the much smaller 
quantities found in foods. The modification of the ferric chloride test 
proposed by Smith? gives good results in the majority of cases, but the 


necessity for special precautions in the case of the simultaneous presence: 
of acetates is a disadvantage. 





1 Jour. Amer. Chem. Soc., 29, 1236. 
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The authors have obtained more generally satisfactory results by 
means of a method based on the dry distillation of calcium formate. 
The reaction, as is well known, is 


HCOO_ 
Ca = CaCO, + HCHO 
HCOO~ formaldehyde. 


In the presence of any other acid, as, for example, acetic, the 
reaction is 


HCOO_ CH,COO_ 
Ca + a = 2CaCO, = 2CH,CHO 
HCOO~ CH,COO acetaldehyde. 


The second reaction was found to give the best results. 

The method used may be described briefly as follows: 50 grams of 
the sample are mixed with 20 c.c. of 20 per cent. phosphoric acid and 
distilled by steam, the flask containing the acid mixture being gently 
heated in order to avoid condensation and keep the volume approximately 
constant. About 200 c.c. should be distilled. 

Under these conditions the formic acid is removed practically 
quantitatively. 

To the distillate is added 2 c.c. of 30 per cent. acetic acid, free from 
formic acid, and 20 c.c. of milk of lime (100 grams CaO per liter). If 
the distillate should be very acid more lime may be necessary. The 
solution is evaporated to small bulk over a free flame and then on 
the water bath to dryness. The evaporation should be carried as far 
as possible over the flame, because the boiling prevents the formation 
of the crust of calcium carbonate, which hinders evaporation on the 
water bath. 

The dry residue is scraped into a test tube provided with a cork 
and a bent delivery tube, and is there subjected to dry distillation. 
The lower end of the delivery tube, which should be about 60 cm. 
long, dips into a test tube containing about 3 c.c. of water and 
immersed in a beaker of cold water. The test tube is heated grad- 
ually to redness or until vapors cease to condense in the delivery tube. 
After the tube has been allowed to drain, 3 c.c. of standard fuchsin- 
aldehyde reagent is added to the distillate, the mixture allowed to 
stand exactly five minutes, and compared with a standard color. 

The fuchsin-aldehyde reagent is prepared by dissolving 0.2 gram 
rosaniline in 10 c.c. of freshly prepared saturated sulphurous acid, and 
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allowing the solution to stand until the red color has entirely disap- 
peared, only a light straw tint remaining. The solution is diluted with 
200 ¢.c. of distilled water. 

We have found that a slight color is nearly always developed even 
in the absence of formic acid from the traces of aldehyde produced by 
decomposing organic matter during the dry distillation. For this reason 
we have adopted the use of an arbitrary color standard. It is quite 
possible that the difficulty could be avoided readily also by keeping 
the temperature of the distillate lower. 

The permanent color standard proposed by Jackson! for the color- 
imetric estimation of nitrites was found to be fairly satisfactory as a 
color standard, although not an exact match in color. To prepare this, 
8 c.c. of cupric chloride (12 grams CuCl,.2H,O per liter) and 12.5 c.c. 
of cobaltous chloride (24 grams CoCl,6H,O + 100 c.c. strong HCl 
per liter) are mixed and diluted to 100 c.c. 

By the procedure described a great variety of food products has 
been tested and found to give a color in no case greater than the 
standard; the color is usually much less; 0.025 gram of formic acid 
in 50 grams of the food material gives from four to six times as much 
color; 0.05 gram gives from ten to fifty times as much. 





1 TECH. QUART., 13, 314. 
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DENATURED, OR INDUSTRIAL, ALCOHOL 
By RUFUS F. HERRICK 


Read January 9, 1908 


In addressing the Society on Denatured Alcohol, with special 
reference to its application in the arts, it has seemed desirable to the 
lecturer to treat the matter this evening in a very general way. This 
is partly because of the great scope of the subject, and also on account 
of the limited time. In order to present the matter in the most 
comprehensive way the various phases of the manufacture, uses, and 
possibilities of industrial alcohol will be briefly considered. 

The word alcohol is usually understood to mean ethyl alcohol, or 
ordinary grain alcohol. Alcohol is generally sold of 95 per cent. 
strength by volume. It is made at the present time on the commer- 
cial scale from corn, rye, potatoes, sugar beets, and molasses. The 
processes used are those of mashing, fermenting, and distilling. 
Mashing is the process whereby the raw material is prepared for 
the fermentation. 

In the case of corn. and potatoes, these materials are mashed by 
cooking with steam under pressure in order to liquefy the starch 
present, which is the source of the alcohol. The corn is first ground 
to meal. In the case of molasses, no grinding or mashing machinery 
is necessary. In this case the cost of the equipment is correspondingly 
reduced. 

In using sugar beets the juice is extracted by various methods 
requiring the use of machinery and apparatus. After cooking these 
raw, starchy materials (corn, potatoes, etc.), the resulting product is 
properly cooled, and malt is added to transform the starch into fer- 
mentable sugar. Yeast is then added for the fermentation of this 
sugar into alcohol, and is also used in fermenting molasses and the 
juice of sugar beets. These two latter,products contain sugars which 
furnish the alcohol. Certain precautions in working must be strictly 
observed to obtain the best possible yields of alcohol. 
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While it is true that alcohol can be produced from many other raw 
materials than those just mentioned, more extended investigations and 
experience are necessary to exactly determine the financial questions 
which govern in such cases, In Germany potatoes form the chief 
source of industrial alcohol, while in France sugar beets are solely 
used, both of these raw materials being grown with special view to 
produce the largest possible yield of alcohol. In England the condi- 
tions governing the raw materials used are somewhat similar to those 
in the United States. In this country corn has so far been the prin- 
cipal raw material from which industrial alcohol has been made. 
Molasses is an equally good source for alcohol, and is as readily 
available for such purposes in this country. 

Naturally much interest is felt in the cost of production of alcohol 
and the future possibilities as to any reduction in such cost in this 
country. So far it has been difficult to obtain any complete figures, 
either here or abroad, showing such cost, as it depends upon so many 
different conditions, including cost of denaturing, and business reasons 
also prevent such figures being given out. Some credit is obtained 
for by-products in distilling certain raw materials, but the value of such 
by-products cannot be readily ascertained. 

It may be said, however, that with corn at 52 cents per bushel (the 
average farm value given by the United States Department of Agricul- 
ture for 1907 in this country) a gallon of alcohol of 188° United States 
proof costs 19% cents for the corn alone. A United States proof gallon 
of spirits contains 50 per cent. of absolute alcohol by volume. At this 
strength it is called 100° proof, or simply “ proof” for short. 

It is thus seen that 100 per cent. by volume (absolute) alcohol 
is 200° United States proof, and hence that half the degree proof 
represents the percentage of absolute alcohol by volume. The 188° 
proof alcohol mentioned above, therefore, contains 94 per cent: of 
absolute alcohol by volume. 

The average farm value of corn in 1906 was about 40 cents per 
bushel, according to the United States Department of Agriculture. 
The yield of alcohol from corn is about 5 gallons of proof spirits from 
one bushel of corn in modern distilleries operating on the large scale. 
This is equivalent to 2% gallons of absolute alcohol. There is some 
fusel oil produced from distilling corn, and the residue left from the 
distiliation is of use for feeding cattle. In the case of molasses, about 
24% gallons of the black strap or low grade molasses left from the 
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manufacture of sugar is required to produce 1 gallon of 188° proof 
alcohol. At 7 cents per gallon for this molasses, this represents a 
cost of about 1534 cents a gallon for this alcohol, such cost being 
for the molasses alone. 

In Germany 1 gallon of absolute alcohol is obtained from 14 bushels 
of potatoes as an average yield. This is equal to 2 gallons of proof 
spirits, and it therefore requires 3.12 bushels of such potatoes to equal 
one bushel of corn in producing alcohol. Compared with corn at 
52 cents per bushel, the price paid for such potatoes could only be 
a or about 16,8; cents per bushel for the making of alcohol. The 
residue from distilling potatoes is of some value as a food for cattle, 
and the fusel oil, which can be separated, is also of value. 

In the case of production of alcohol in Germany from potatoes, the 
situation is peculiar to that country. Petroleum products are not native 
and are taxed, paying a customs duty which substantially helps the 
industrial alcohol to compete with gasoline and kerosene. In addition, 
a system exists by which distillers of industrial alcohol benefit from 
what amounts to a bounty from the government, a portion of the mash- 
tub tax and distillation tax being rebated. In the report of the British 
Industrial Alcohol Committee to Parliament, 1905, they say: “The 
production of spirit in Germany is a state-aided enterprise, . . . and that 
in the year ended September, 1903, the net subvention of the producers 
was £ 2,400,000.” 

Dr. W. Behrends (a German authority) says: “Taking for granted 
that 1 hectare of potato land (2.47 acres) produces 150 double cwt. of 
potatoes, so can at least 16.5 hectoliters (435.7 United States gallons) 
spirit be manufactured.” <‘‘This quantity is sufficient to light twelve 
large street lanterns the entire year for three hours daily on an average, 
summer and winter. A common-sized village can thus be furnished 
with good street light from the products of 1 hectare of potato land.” 
“The same quantity is sufficient to operate a 5-horse power spirit motor 
ten hours daily, Sundays excepted, for three months.” 

It will thus be seen that in the production of alcohol the choice 
of the raw material depends upon several factors, chief among which 
is that of economy. This will depend upon the nature of the soil and 
on other local conditions. 

In addition to the costs for material in making alcohol, there must 
be added other costs, such as the manufacturing cost, the expense of 
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the package or barrel, the freight charges, the cost of denaturing, the 
cost of distribution, and the profits. 

The retail price of denatured alcohol in Germany is about one-half that 
in this country, or about 30 cents per gallon. At present denatured alco- 
hol in the United States is available in only about half the states. 

It has been suggested that our farmers now have the opportunity 
they desired, to see what they can do in making alcohol from their 
surplus and otherwise waste products. There are about 1,700 small 
fruit and grain stills in this country, which are used in the season 
for making brandy and whisky. Can these be employed for the manu- 
facture of alcohol? A proper investigation would show farmers what 
the possibilities are for making alcohol by codperative effort and with 
distilleries managed for them by practical distillers, assisted by expe- 
rienced chemists. The farmers have been successful in the making of 
butter, the management of dairies, etc., along codperative lines. That 
the best results with alcohol may be expected from a similar plan of 
action is suggested by United States Consul General R. P. Skinner, 
who says, as a result of his investigation in France concerning farmers’ 
stills, that “‘in the United States the farmer can proceed under no 
illusion that first-class crops can be converted into alcohol in small 
domestic stills on a profitable basis.” The French statistics given by 
Consul General Skinner (1907) refer to alcohol made by farmers for 
consumption. 

Denatured alcohol is simply ordinary alcohol to which some foreign 
substance has been. added. It is thus rendered repugnant in taste 
and odor and injurious to health and eyesight. After this is done the 
alcohol is deprived of its nature (denatured) as a beverage and cannot be 
used for drinking purposes. Any attempted purification of it is imprac- 
ticable on account of the difficulty and cost. Indeed, the history of the 
many countries permitting the use of denatured alcohol shows that no 
appreciable amounts of fraud upon the revenue has resulted therefrom, 
and none of these countries have ever repealed such beneficent legisla- 
tion. In fact, the last report of the United States Commissioner of 
Internal Revenue says, “It is a subject of congratulation that few if 
any frauds have been committed or attempted in connection with the 
manufacture or use of this class of spirits.” 

The object of denaturing alcohol is to avoid the excise or spirit tax. 
It thus becomes greatly cheapened in price, as this tax on ordinary 
alcohol amounts to about $2.08 per gallon. 
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The denaturing of the alcohol does not injure its properties for 
industrial uses in any way. The list of substances used for denaturing, 
or, as it is called in England, “methylating,” is very large. The word 
methylating was used because wood alcohol, the first substance so used 
in England, consists largely of methyl alcohol. Wood alcohol was first 
used for such purpose in England in the year 1855. 

In the United States the law permitting denatured alcohol went 
into effect January 1, 1907. This law was subsequently greatly liberal- 
ized by amendments which were enacted and which went into effect 
September 1, 1907. 

There are two kinds of denatured alcohol; one is called completely 
denatured, the other specially denatured. Two formulas are permitted 
by our government for completely denaturing alcohol for general uses 
of light, heat, and power, and for manufacturing purposes. 

1. To 100 gallons of ethyl alcohol not less than 180° proof add 

10 gallons of approved wood alcohol, 
¥% gallon of approved petroleum benzine. 
2. To 100 gallons of ethyl alcohol not less than 180° proof add 
2 gallons of approved wood alcohol, 
¥% gallon of approved pyridine bases. 
The first of these formulas is the one that has been used. 

As completely denatured alcohol cannot be used in many industries, 
the government permits special denaturing agents to be used in such 
cases. Among such special denaturing substances may be mentioned 
wood alcohol, camphor, benzol, castor oil and soda lye, nicotine, sul- 
phuric or common ether, pyridine bases, acetone, petroleum naphtha, etc. 

Included in the large number of industries benefiting from the use 
of denatured alcohol are those making furniture, pianos, trolley and 
steam cars, perambulators, toys, caskets, wood finishing and decorating, 
watches, photographic supplies, chemical manufactures, dyes, collodion, 
whips, varnishes and lacquers from soluble cotton, imitation leather, 
artificial silk, photo-engravings, purification of rubber, shellac and spirit 
varnishes, electrical industries, celluloid, smokeless powder, common 
ether, ethyl chloride, etc. 

Many other industries will doubtless be added to these as time 
passes, because the use of specially denatured alcohol is bound to be 
largely extended. In France and Germany the special denaturing is 
much more satisfactorily done at the factory or works where the alcohol 
is used. The quantity of denatured alcohol used annually in Germany is 
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something like 37,000,000 gallons, in France about 10,000,000 gallons, 
and in England about 4,000,000 gallons. Of the above, about 2,000,000 
gallons of specially denatured alcohol are used in France, and about 
7,000,000 gallons of specially denatured alcohol are used in Germany. 

In this country during the past year there have been used about 
3,500,000 gallons of denatured alcohol, of which a large part was 
specially denatured. 

Lack of alcohol-using appliances and apparatus, lack of suitable 
special denaturing formulas at the beginning, the great reduction in 
the price of wood alcohol, and the high retail price of denatured 
alcohol have prevented the large immediate use that many believed 
would result. 

England has recently permitted a reduction of from 10 to 5 per 
cent. in the amount of wood alcohol used for denaturing, and omits 
the light mineral oil. This formula is used for general industrial pur- 
poses, and should largely increase the use of denatured alcohol in 
England. 

The latest available figures show the wholesale cost of denatured 
alcohol in England to be about 42 cents per gallon. In France the 
retail price (August 6, 1906) was about 44 cents per United States 
gallon. 

In Cuba the cost by the large package, 173 United States gallons 
of denatured alcohol, is about 28% cents per gallon. The retail price 
in bottles, about the fifth of a gallon in capacity, is 8 cents. 

Among notable instances of the uses of specially denatured alcohol 
are the samples, here shown, of artificial silk made in France from 
cotton by the Chardonnet process. About 3,800 gallons of alcohol 
are used daily in the factory at Besancon, France, where about 2,640 
pounds per day is made of this silk. About 1.43 gallons of alcohol 
are required for each pound of silk. Methyl alcohol has proved unsuit- 
able. The French government permits the ether required to be used 
as the denaturing agent. In the above amount of alcohol is included 
the quantity necessary to be made into ether for the solvent, a mixture 
of alcohol and ether being used for this purpose. The samples of arti- 
ficial silk exhibited include all colors and many handsome woven brocade 
effects, braids, bindings, and hanks, as well as artificial horsehair, also 
made in the same way from cotton. All these samples were imported. 

Imitation leather, of which samples are shown, is largely used in 


making automobile tops, carriages, upholstering, etc. It consists of 
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a backing of heavy cotton cloth, on which an insoluble flexible prepara- 
tion is applied by machinery. It may be made in various colors, 
and the freedom from odor, the flexibility, and fine appearance of 
the samples will be seen. Such leather is made abroad as well as 
in this country, the samples shown being of domestic manufacture. 
Specially denatured alcohol is used as a solvent in making such imita- 
tion leather. 

A series of lantern slides! will now be shown, illustrating the 
principles and operation of the machinery and apparatus used in man- 
ufacturing alcohol, and also showing the great variety of alcohol-using 
appliances, illuminating lamps, blue-flame cooking and heating alcohol 
stoves, alcohol-heating flatirons, alcohol-using motors, etc. 

For illumination, one-half gallon of alcohol is about equal to 1 gallon 
of kerosene. The alcohol lamp is under perfect control, is cleanly, and 
does not burn a wick. Asa source of power, German spirit-motor tests 
show? that “although the amount of heat produced from spirit is con- 
siderably dearer than if obtained from gasoline or kerosene, yet in 
consequence of the technical heating superiority of the spirit motor 
the amount of work of one effective horse power is almost the same 
in all these fuels.” The principles of several mechanical distributing 
carburetors are shown by these lantern slides, and attention should be 
directed to the importance of complete vaporization of the alcohol and 
increased compression necessary in using spirit motors. The alcohol 
illuminating lamps shown include the best French and German models, 
using in all cases a Welsbach mantle, which is rendered incandescent 
by the burning mixture of alcohol vapor and air. This mixture is made 
automatically by the vaporizer in these lamps. Most of the specimens 
of the alcohol apparatus and alcohol appliances shown are imported, and 
the prices are increased in this country on account of customs, duties 
amounting in some cases to about 45 per cent. There will therefore 
be a decrease in the prices of such appliances when our manufacturers 
make them in this country. 

The cost of common ether has been greatly reduced in consequence 
of the denatured alcohol law, and the same can be said of collodion. 
These are very important products. Reductions in prices of other 





1From illustrations in Mr. Herrick’s book, Denatured, or Industrial, Alcohol. New 
York: John Wiley & Sons. 


?From review by K. Fehrmann of spirit-motor tests made by Prof. E. Meyer, in May, 
1902. 
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products for which alcohol is used may also be expected in a number 
of cases. 

Alcohol is an ideal fuel, burning completely with formation of carbon 
dioxide and water (as vapor). It fouls the atmosphere very much less 
than gasoline, kerosene, gas, or acetylene. It mixes with water, and 
a fire once started is therefore readily extinguished; while fires from 
gasoline and kerosene, on the contrary, are merely further spread by 
the action of water. From the insurance point of view of fire risk 
denatured alcohol may be regarded as about the same as ordinary 
alcohol, being less hazardous than wood alcohol in such respects. 

Eminent authorities have pointed out the possibilities of cellulose 
and other sources for producing industrial alcohol, and many patents 
are being taken out for continuous methods of distilling alcohol, the 
synthetic manufacture of alcohol from acetylene derived from calcium 
carbide, the enrichment of alcohol vapors with acetylene, etc. The 
investigation of cheaper sources of starch than corn for making alcohol 
is under way, and the excellent possibility of low-priced alcohol when 
it may be made in Porto Rico and the Hawaiian Islands from residual 
low grade molasses remains to be investigated and worked out. 
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CONTRIBUTION FROM THE BIOLOGICAL LABORATORIES 


A CULTURE-TUBE RACK FOR USE IN BACTERIOLOGICAL 
STUDIES INVOLVING A LARGE NUMBER OF 
CULTURES 


By LAURENCE T. WALKER 


In carrying on bacteriological investigations or routine work in 
which a large number of cultures are incubated under identical condi- 
tions, and studied simultaneously, there is a great loss of time and an 
appreciable danger of error due to the difficulty of handling the culture- 
tube racks commonly in use. For study, the most convenient arrange- 
ment of cultures is in a single line on the laboratory bench; in the 
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incubator, where economy of space must be considered, it is necessary 
to mass in rows, placed side by side. Thus the single-line racks are 
excellent for use while examining cultures, and the square or oblong 
holders containing a large number of tubes are most suitable for incu- 
bating. Either the work must be done under adverse conditions or 
the cultures must all be transferred from one holder to another each 
time they are examined —a process involving extra labor and possible 
contamination in a daily or even weekly examination of a series of 
a hundred or more tubes. 

The holder suggested is one in which a large number of tubes (fifty 
in the model) are compactly massed for incubation, and in which they 
may be arranged in single line for examination without removal. It is 
in effect a number of single-line racks so connected, end to end, by 
hinges that the whole may be closed like a folding screen or opened 
so as to display fifty tubes in a row. When closed the whole is held 
firm by small spring catches attached to the different sections. The 
model shown in the figure is constructed of sheet metal, thus fulfilling 
the requirements of lightness, cleanliness, and durability necessary in an 
apparatus of this nature. 
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CONTRIBUTIONS FROM 
THE RESEARCH LABORATORY OF PHYSICAL CHEMISTRY 
No. 23 


A SYSTEM OF QUALITATIVE ANALYSIS FOR THE COMMON 
ELEMENTS" 


PART Ill. ANALYSIS OF THE ALUMINUM AND IRON GROUPS, 
INCLUDING BERYLLIUM, URANIUM, VANADIUM, TITANIUM, 
ZIRCONIUM, AND THALLIUM 


By ARTHUR A. NOYES, WILLIAM C. BRAY, anp ELLWOOD B. SPEAR 
INTRODUCTION 


Tus article is a continuation of a preceding one which appeared 
in an earlier number of this QUARTERLY, in which were presented 
the first two parts of this “System of Qualitative Analysis,” dealing 
with the “Preparation of the Solution,” and the “Analysis of the 
Silver, Copper, and Tin Groups.”? For the purposes of this investi- 
gation, for the general considerations underlying it, and for various 
conventional matters relating to its presentation, the reader is referred 
to the Introduction to the preceding paper. 

Although the final form of the scheme of analysis of the groups 
here considered has been worked out during the past year by the 
authors of this article, yet much of the preliminary experimental work, 
especially that relating to the rarer metals included, was carried on by 
others in this laboratory. It is unfortunately scarcely practicable to 
indicate in just what respects each of these investigators has contributed 
to the final result; but we wish to express in a general way our great 
indebtedness to Messrs. Howard I. Wood, Barthold E. Schlesinger, and 
Charles Field 3rd, for the assistance which their work has been to us. 

The present publication deals with the analysis of the precipitate 
produced by ammoni'm hydroxide and sulphide in the filtrate from 
the hydrogen sulphide precipitate. In addition to the seven common 





1Copyright, 1908, by ARTHUR A. NOYES. 
2 This QUARTERLY, 19, 191 (1906). 
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elements (nickel, cobalt, iron, manganese, zinc, chromium, and alu- 
minum) considered in almost all schemes of qualitative analysis, we 
have included six of the especially important rarer elements, namely, 
beryllium, uranium, vanadium, thallium, titanium, and zirconium. The 
portions of the procedure and of the notes referring to these rarer 
elements are, however, marked with asterisks, so that they may readily 
be omitted by any one interested only in the common elements. 

The general features of our scheme for the analysis of this solution 
will be most readily comprehended by an examination of the “Tabular 
Outline”’ presented in Tables VII to IX. The considerations which 
have led to the adoption of this procedure will be discussed in the 
next chapter, entitled “General Discussion,” and the detailed process 
and the explanations of it will be presented in the following one, 
entitled “Procedures and Notes.” Later chapters, as in the preceding 
publication, will be devoted to the “Test Analyses” and to “ Confirm- 
atory Experiments and References.” 


GENERAL DIscussION 


1. With respect to the original precipitation of these elements, 
schemes of qualitative analysis differ as to whether ammonium hydrox- 
ide and ammonium sulphide be used successively with a filtration between, 
or whether they be added together so that all the elements are contained 
ina single precipitate. The former of these methods has the serious 
disadvantage that the separation with ammonium hydroxide of the 
trivalent elements, aluminum, chromium, and ferric iron, from the biva- 
lent elements, nickel, cobalt, manganese, and zinc, while satisfactory 
enough when certain combinations of these elements are present, is 
not so for other combinations. Thus even a large quantity of zinc 
may be quantitatively precipitated by ammonium hydroxide when a 
larger proportion of chromium is present; and manganese will in any 
case be partially precipitated by that reagent, owing to its oxidation 
by the air to the manganic state, and it will be completely precipitated 
when phosphate is present in the solution. It is therefore necessary 
to provide for the detection of zinc and manganese both in the hydroxide 
and in the sulphide precipitate; and thus the scheme is complicated 
rather than simplified by precipitating separately with these reagents. 

We have, therefore, adopted the plan of a single precipitation by 
simultaneous addition of both reagents, provision being made, however, 
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for observing the effect of the addition of ammonium hydroxide alone 
for the sake of the indications which it may furnish. If care be taken 
to avoid an unnecessary excess of both the hydroxide and sulphide, all 
the elements in question are completely precipitated by these reagents 
even in moderately dilute solution, with the exception of a little of the 
nickel and a variable proportion of the vanadium. The nickel can be 
removed from the filtrate by boiling. Even a large quantity of vana- 
dium remains completely in solution when it is present alone; but on 
the other hand, it may be almost completely precipitated, probably as 
a hypovanadate or vanadate, when certain other elements of these 
groups are present. Many experiments were made in this laboratory 
by Mr. Charles Field 3rd, to devise a practical method of reducing 
vanadium to a vanadic salt (corresponding to the oxide V,O,), in which 
state it is completely precipitated by ammonium hydroxide. In accord- 
ance with the results of Gooch and Curtis! hydriodic acid (best in the 
form of a mixture of ammonium iodide and hydrochloric acid) was found 
to be the only available agent, but even with the aid of this reagent 
reduction and precipitation were never quite complete and sometimes 
did not take place at all. For this reason it was not considered worth 
while to use this reagent, especially since the vanadium can be removed 
from the ammonium sulphide filtrate by acidifying, adding ferric chloride, 
and making alkaline with ammonia. 

2. The ammonium sulphide precipitate in all the schemes of analysis 
known to us is first treated with cold, dilute hydrochloric acid, in order 
to separate nickel and cobalt from the other elements. In spite of the 
general use of this process, we have become convinced that it does not 
fulfil the requirements of exact qualitative analysis; for not only is it 
true, as is generally known, that a considerab‘e quantity of nickel and 
cobalt dissolves in a mixture of 1 volume of HCl (1.12) with 5 volumes 
of water when there is a large residue containing these elements, but 
our experiments have shown that a moderate quantity of either of them 
(up to at least 5 mgm.) may completely dissolve, and thus escape detec- 
tion, when it was originally disseminated through a large precipitate 
of iron sulphide. We have therefore eliminated this treatment as a 
method of separation; and, after adding hydrochloric acid at first to 
decompose such of the sulphides as it will act upon and to get an 
indication as to the presence of much nickel or cobalt, nitric acid is 





1Am. J. Sci. (4) 17, 45 (1904). 
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added, so as to bring all the elements into a single solution. Inci- 
dentally it may be mentioned that our experiments support the view 
that the fact that nickel and cobalt sulphides, though not precipitated 
by hydrogen sulphide from a slightly acid solution, yet dissolve diffi- 
cultly in a much stronger acid, is due to an abnormally slow rate of 
solution of these sulphides, which are, in fact, relatively soluble sub- 
stances, at least in the freshly precipitated state. For these experi- 
ments have shown that nearly all of a portion of precipitated nickel 
sulphide dissolves when treated with successive portions of cold dilute 
HCl [1 volume HCl (1.12) with 5 volumes of water] even when the 
acid is kept saturated with hydrogen sulphide, and that solution con- 
tinues to take place even after considerable nickel (30 mgm. in 30 ccm.) 
has passed into solution. When, therefore, the surface exposed to the 
acid is greatly increased, either by the residue being a large one or by 
a small residue being left in a finely divided state by the dissolving 
out of iron sulphide, a considerable quantity of nickel and cobalt passes 
into solution in a comparatively short time. It is interesting to note 
that the reverse reaction, the precipitation of nickel sulphide by hydrogen 
sulphide in acid solution, also takes place very slowly; for Baubigny ! 
has observed that in the presence of acetic acid, or of very small 
amounts of sulphuric or hydrochloric acids, the precipitation is a slow 
but continuous process. 

3. Having now all the elements together in solution, the next step 
in our process is to divide them into two main groups by the addition 
of sodium hydroxide and peroxide, followed by subsequent boiling. 
This method has been previously applied by other authors to the sepa- 
ration of certain of the common elements, but not, we believe, as a 
general means of subdivision. These reagents cause the complete pre- 
cipitation of iron, nickel, cobalt, and thallium as hydroxides of the 
trivalent form, and of manganese, titanium, and zirconium as hydroxides 
of the quadrivalent form. We shall designate all these elements so 
precipitated as the “iron group.” All the remaining elements, namely, 
aluminum, beryllium, zinc, chromium, uranium, and vanadium, remain 
in solution in the form of sodium salts of the corresponding acids, 
namely, as aluminate, zincate, chromate, peruranate, and vandate. We 
shall designate all these elements so dissolved as the “aluminum group.” 
The separation of the two groups by this process is entirely satisfactory, 





1 Baubigny, Compt. rend., 94, 963, 1183, 1251, 1417, 1473, and 1715 (1882), and 95, 35 
(1882). 
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at any rate from the standpoint of qualitative analysis, with the single 
exception that when only 5 or 10 mgm. of zinc are present, this may 
be carried down completely when elements of the iron group (especially 
manganese) are present in large quantity. This makes it necessary to 
provide for the detection of zinc in the analysis of the precipitate when 
it is large, but this is not attended with special difficulty. The use of 
sodium peroxide has the distinct advantage over that of sodium hydrox- 
ide alone, that chromium, uranium, and vanadium are by the use of the 
peroxide taken completely into solution, whereby not only a division 
of these elements between the precipitate and filtrate is avoided, but 
also the carrying down of zinc into the precipitate is made less common 
and less considerable. 

4. Since, owing to the possible presence of phosphate, oxalate, 
or hypovanadate in the original solution, the alkaline-earth elements 
may be precipitated by ammonium hydroxide and sulphide, sodium car- 
bonate is added with the hydroxide and peroxide, in order to ensure 
the complete precipitation of these elements (more especially barium) 
with the iron group. The presence of phosphate and carbonate does 
not affect at all the separation of the elements of the aluminum and 
iron groups from each other. 

5. The separation of the elements of the aluminum group from 
each other is very simple when only the common elements, chromium, 
aluminum, and zinc, are to be provided for; and the process recom- 
mended below for this case offers no original features. It consists in 
precipitating the aluminum hydroxide from the solution with ammonium 
hydroxide after acidifying with nitric acid, the chromate in the filtrate 
with barium chloride after acidifying with acetic acid, and the zinc with 
hydrogen sulphide in the filtrate from the barium chromate. 

6. The presence of beryllium does not involve any complication, 
since it goes with the aluminum in the process just referred to, and 
can be separated from it as described below. When, however, uranium 
and vanadium are to be provided for, this process is entirely inadequate ; 
for upon the addition of ammonium hydroxide after acidifying, vanadium 
divides between the filtrate and precipitate wherever uranium is pres- 
ent, owing to the insolubility of uranyl vanadate; uranium itself will 
divide, owing to the presence of H,O, formed on acidifying the sodium 
peruranate solution; and vanadium, when present in large amount, 
again divides upon the addition of barium chloride to the acetic acid 
solution, owing to the slight solubility of barium vanadate; finally, 
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vanadium interferes with the test for zinc with H,S in acetic acid 
solution, since a precipitate of sulphur is always formed and sometimes 
one of black vanadium sulphide. Moreover, the uranium precipitate 
obtained with ammonium hydroxide will in general be mixed with alu- 
minum, beryllium, and vanadium, so that the difficult part of the sepa- 
ration still remains to be accomplished. After much experimenting, 
guided by the conception that under proper conditions of alkalinity 
it might be possible to separate the more basic elements, zinc, alumi- 
num, and beryllium, from those present as constituents of acid radicals, 
chromium, uranium, and vanadium, it was finally found that this could 
be accomplished in a hot dilute solution of sodium hydrogen carbonate, 
provided care be taken to prevent loss of carbon dioxide by heating 
the solution in an open vessel only to go°, or better in a closed bottle: 
to 100°. Under these conditions the separation is a fairly satisfactory 
one. A small amount of uranium may, however, be carried down 
almost completely when a large amount of aluminum or beryllium is 
present, making it necessary to test for uranium in the precipitate. 
Moreover, when uranium and vanadium are simultaneously present, 
each in large quantity (about 100 mgm.), some uranyl vanadate pre- 
cipitates, but a large quantity of both elements remains in the solution, 
so that their detection is not interfered with. 

7. The separation of the zinc from the aluminum and beryllium in 
the precipitate is readily effected by dissolving it in hydrochloric acid 
and adding a small excess of ammonium hydroxide. For the separa- 
tion of the aluminum. and beryllium from each other we studied what 
seemed to be the two most promising methods mentioned in the litera- 
ture. The first of these was that described by Parsons and Barnes,! 
which consists in boiling for a short time a solution of the two elements 
to which enough sodium hydrogen carbonate is added to make a 10% 
solution, whereby aluminum is precipitated and beryllium dissolved. 
We found, however, that though this method is satisfactory for the 
detection of beryllium when a moderate amount of aluminum is pres- 
ent, yet with a large quantity of aluminum (say, 100-500 mgm.) 
2-5 mgm. of beryllium are almost completely retained in the precipi- 
tate, which may cause it to escape detection, and which at any rate 
leads to an incorrect estimate of its quantity. The second method 
investigated was that proposed by Havens,? which consists in saturat- 


1J. Am. Chem. Soc., 28, 1589 (1906). 
2Z. anorg. Chem., 16, 15 (1898). 
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ing a solution of the chlorides of the two elements in a mixture of 
ether and strong hydrochloric acid with hydrogen chloride gas, whereby 
aluminum is precipitated and beryllium remains in solution. It was 
found that this method gives entirely satisfactory results, even 0.5 mgm. 
of aluminum being precipitated, as AlCl,.6H,O, provided care be taken 
to use a sufficient proportion of ether and to saturate completely with 
the gas; moreover, even 100 mgm. of beryllium remain wholly in 
solution and even 0.5 mgm. is not carried out with a large quantity 
of aluminum. This method was, therefore, adopted for the separation, 
it being supplemented by a confirmatory test for beryllium based on 
the process of Parsons and Barnes. 

8. The separation of the chromium, vanadium, and uranium, which 
are present together in the filtrate from the sodium hydrogen carbonate 
precipitate, also required much investigation. It was soon decided that 
there was more promise of effecting a separation of the first two of 
these elements in the state of chromate and vanadate, in which they 
already exist, than in a lower stage of oxidation; and it was found that 
the lead salts differed sufficiently in solubility in nitric acid to enable 
0.5 mgm. of chromium to precipitate while retaining 100 mgm. of 
vanadium in solution, A separation based on this fact was therefore 
adopted. The excess of lead added is subsequently removed by 
saturating the filtrate with hydrogen sulphide. To avoid the addition 
and removal of lead when chromium is absent, a preliminary test for 
chromate with hydrogen peroxide is introduced. The uranium is 
separated from the vanadium (after oxidation to the vanadic state) by 
precipitating it as uranyl ammonium phosphate in acetic acid solution,— 
a method that was found to give satisfactory results for the limiting 
case of a large proportion of uranium and a small proportion of vana- 
dium, and also in the converse case. Vanadium is tested for by making 
the filtrate strongly alkaline with ammonia and saturating with hydrogen 
sulphide, whereby a violet red solution of a vanadium sulpho-vanadate 
is formed. 

9g. Wewill next consider the analysis of the precipitate produced 
by sodium peroxide and containing the manganese, iron, nickel, cobalt, 
thallium, titanium, and zirconium, and the alkaline-earth elements. The 
main problems connected with this were the separation of the manga- 
nese from the other elements, that of the alkaline-earth elements from 
phosphate, and that of the titanium and zirconium from the iron and 
from each other. 


10. In almost all schemes of qualitative analysis it is thought 
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sufficient to test a portion of the precipitate for manganese by fusing 
it with sodium carbonate or by boiling it with lead dioxide and nitric 
acid, without isolating the manganese. These color tests give, however, 
but little idea of the quantity of the element present. Moreover, aside 
from this objection, the large number of the elements contained in the 
precipitate in this scheme makes their separation necessary. The one 
reaction of manganese which seemed in every way suited for this pur- 
pose is that frequently employed in iron and steel analysis, consisting 
in the conversion of the manganese into the dioxide by the action of 
chloric acid and concentrated nitric acid. For this is not only a behavior 
highly characteristic of this element, but since the separation is carried 
out in a strongly acid solution it might be anticipated that the other 
elements, which are not oxidizable to insoluble peroxides, would not be 
retained in the precipitate to an important extent. Our experiments 
have shown that this is in general the case, but one exception has 
been discovered. It has been found, namely, that titanium, which is 
quadrivalent like manganese in the dioxide, when present even in con- 
siderable quantity (up to 50 mgm.) may be completely precipitated 
with a large quantity of manganese (500 mgm.), and that a large pro- 
portion, though not all, of the zirconium is likewise carried down. 
The method is, however, otherwise so satisfactory that we have adopted 
it, special provision being made for this unusual case in a way that need 
not be described here. The procedure consists in dissolving the whole 
sodium peroxide precipitate in strong hydrochloric acid, in evaporating 
with excess of nitric acid, adding concentrated nitric acid and potassium 
chlorate, heating, and filtering off the manganese dioxide on an asbestos 
filter. 

11. Owing to the fact mentioned above that zinc is carried down 
in considerable quantity by manganese in the Na,O, precipitation, 
experiments were made with the view of previdusly removing manga- 
nese by introducing this chloric acid procedure at the beginning of the 
analysis of this group. It was found, however, that vanadium, which 
is not carried down in the sodium peroxide procedure, is, like titanium, 
precipitated in large quantity with the manganese in the chloric acid 
procedure. It was found also that some zinc (I-4 mgm.) may be car- 
ried down completely in the Na,O, precipitate by iron, nickel, and 
cobalt, so that it would be still necessary to provide for the detection 
of zinc in the iron group. For these reasons it is evidently best to 
have the sodium peroxide precipitation precede the treatment with 
chloric acid, 











22 Noyes, Bray, and Spear: System of Qualitative Analysis 


12. The filtrate from the chloric acid precipitate is first tested 
for phosphate. When it is not present, the iron, thallium, titanium, 
and zirconium are separated from the other elements by the addition 
of ammonium hydroxide. When phosphate is present, in order to sep- 
arate it from the alkaline-earth elements, the basic acetate precipitation 
is employed, ferric chloride being first added if necessary. The pro- 
vision here made for the case that phosphate is present is thought to 
have many advantages over the methods ordinarily employed in schemes 
of qualitative analysis, where the phosphate is removed by tin in nitric 
acid solution, by ferric chloride and barium carbonate, or by ferric 
chloride and ammonium acetate in the first stages of the analysis of 
the group. Of these three processes, the basic acetate is much more 
rapid and simple of execution, but it does not give a separation which 
is at all satisfactory when applied to a solution containing all the ele- 
ments of the aluminum and iron groups; thus chromium and zinc may 
in certain combinations of elements be found either in the precipitate 
or filtrate, and manganese also divides unless great care is taken to 
make the precipitation in a large volume at the proper acid concentra- 
tion. In the scheme of analysis here presented this basic acetate 
separation has been introduced only after these troublesome elements 
have already been removed, for the presence of phosphate involves no 
complications in the preceding steps of the process. Under these cir- 
cumstances it is no more difficult to secure accurate results in this 
separation than in the precipitation with ammonium hydroxide. Indeed, 
by adopting this process for all cases the complication of the alternative 
procedure and the special test for phosphate might be removed; but 
since the operations require a somewhat longer time, it has seemed 
best to retain the ammonium hydroxide precipitation for the case that 
phosphate is not present. 

13. The iron might be separated from the titanium and zirconium 
by the well-known method of boiling a solution of the elements kept 
slightly acid with sulphurous acid ; but it is difficult to secure complete 
precipitation of the titanium and zirconium, and at the same time to 
prevent the carrying down of iron. Besides this the operation is a 
long one, involves large dilution, and makes it necessary to use hydro- 
fluoric acid in redissolving the precipitated hydroxides. On the other 
hand, the removal of the iron by the method of Rothe,! which consists 
in shaking it out of a strong hydrochloric acid solution by means of 





1Stahl und Eisen, 12, 1052 (1892); 13, 333 (1893). 
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ether, is extremely simple and rapid, gives a perfect separation, and 
leaves the titanium and zirconium in solution. We have, therefore, 
unhesitatingly employed this method in our scheme of analysis. More- 
over, in this process the thallium, which is present as thallic chloride, 
is extracted, together with the ferric chloride, by the ether; and it can 
be readily detected after evaporating off the ether and reducing the 
ferric and thallic salts with sulphurous acid by the formation with 
potassium iodide of the characteristic yellow precipitate of thallous 
iodide. 

14. For the separation of the titanium and zirconium from each 
other we have adopted the process of Hillebrand,! which consists in 
adding sodium phosphate to a slightly acid solution containing hydro- 
gen peroxide, whereby the zirconium is precipitated and the titanium 
remains in solution. The latter is shown to be present by the color 
of the solution, but it can also be precipitated as phosphate by 
destroying the hydrogen peroxide with sulphurous acid after filtering 
off the zirconium compound. 

15. The analysis of the ammoniacal solution containing nickel, 
cobalt, and perhaps zinc and the alkaline-earth elements, is carried out 
along the conventional lines. The first three elements are precipitated 
by the addition of ammonium sulphide, and the zinc is extracted, if 
the precipitate is large by treating it with cold, dilute hydrochloric 
acid, or if it is small by dissolving the precipitate completely and 
treating again with sodium peroxide. Instead of separating the nickel 
and cobalt from each other, it was found to be shorter and more con- 
clusive to divide the ‘solution of the sulphides into two parts, and to 
test one portion for nickel by adding potassium cyanide and sodium 
hypobromite, and the other portion for cobalt with potassium nitrite. 
The conditions for securing the best results in the nickel test were 
fully studied. Finally, in the filtrate from the ammonium sulphide 
precipitate the alkaline-earth elements are precipitated with ammonium 
carbonate as usual. 

16. Though no provision is made in the system of analysis for 
the separate detection of any of the rare-earth elements, yet a process 
has been described for determining whether any of them are present 
and for removing them when they are found to be in the solution. 
This process consists in evaporating the acid solution of the original 





1 Bull. U. S. Geol. Survey, No. 176, p. 75 (1900). 
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ammonium sulphide precipitate, adding to the residue hydrofluoric acid, 
and filtering. This converts the rare-earth elements completely into 
insoluble fluorides, and enables them to be separated from all the other 
elements of the aluminum and iron groups (except from a very large 
quantity of aluminum). When alkaline-earth elements are present these 
are also precipitated as fluorides, wholly or in part, and are separated 
from the rare-earth elements by decomposing the fluorides with sul- 
phuric acid, diluting, filtering off any alkaline-earth sulphates that 
separate, and precipitating the rare earths in the filtrate with ammonium 
hydroxide. This process of isolating the rare-earth elements has been 
worked out in this laboratory by W. C. Arsem and H. I. Wood for use 
as a group separation in the “System of Qualitative Analysis Including 
Nearly All the Metallic Elements.” } 

17. Final confirmatory tests are given for almost all the elements, 
and much experimenting has been done on some of these tests in order 
to make them delicate and reliable; thus this is true of the color tests 
for aluminum and zinc made by igniting the oxides with cobalt nitrate, 
of that for chromium with hydrogen peroxide and ether, of that for 
nickel with H,S in an alkaline tartrate solution, and of that for vana- 
dium made by adding H,O, to an acid solution ; also of the precipitation 
test for uranium with potassium ferrocyanide. No satisfactory tests 
have as yet been found for beryllium or zirconium. Many, but not 
all, of these confirmatory tests will be found superfluous and will be 
omitted by’ the experienced analyst, except in cases where a very small 
precipitate or one of doubtful character is obtained; but they will, 
we believe, be useful to those unfamiliar with this scheme, and they 
serve in the case of students the educational purpose of making them 
acquainted with additional reactions of the elements in question. 

18. It may be thought an objection to this scheme of analysis that 
it involves a number of manipulative operations unusual in qualitative 
analysis, such as heating in a closed bottle, saturating the acid-ether 
solution with hydrogen chloride gas (in the separation of aluminum and 
beryllium), filtering through an asbestos filter (in the separation of 


* manganese), and shaking out with ether in the separation of iron from 


titanium and zirconium. These operations, when they have been once 
executed, are found to be little, if any, more troublesome than the ordi- 
nary operations of precipitation and filtration. They are, moreover, 





1Two parts of this “System” have already been published. See TECH. QuUART., 16, 
93-131 (1903); 17, 214-257 (1904). 
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mostly employed only in connection with the detection of the rarer 
elements, where the difficulties in finding any satisfactory method are 
so great that a little additional trouble is an insignificant factor. And 
finally, from an educational standpoint, they introduce the student to 
new kinds of processes, thus enlarging his knowledge and diminishing 
the force of the objection that the ordinary study of qualitative analysis 
is too limited in its scope. 


TABULAR OUTLINE 


In the tables below the enclosure of a symbol in brackets shows 
that the element may divide itself between the residue and the solution 
in the operation immediately preceding. 
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PROCEDURES AND NOTES 


Procedure 51.— Boil the filtrate from the H,S precipitate (P. 21) 
till the H,S is expelled. Transfer it to a flask, add NH,OH (0.96) 
until the mixture after shaking smells of it, and then 2—4 ccm. more. 
Note whether there is a precipitate. Add ammonium monosulphide 
slowly (or if nickel is likely to be present, pass in H,S) until, after 
shaking, the vapors in the flask blacken a piece of filter paper moistened 
with lead acetate solution. To coagulate the precipitate shake the mix- 
ture or heat it nearly to boiling. Filter, and wash the precipitate, first 
with water containing about 1% of the (NH,),S reagent, and then with 
a little pure water. If the filtration is slow, keep the funnel covered 
with a watch-glass so as to prevent oxidation. To the filtrate add a 
few drops (NH,).S, boil the mixture for a few seconds, or longer if it 
is dark colored (till. it becomes colorless or light yellow) ; filter if there 
is a precipitate, uniting it with the preceding one. (Precipitate, P. 52; 
filtrate, P. 71, or first by *P. 51a, if vanadium is to be tested for.) 


Notes. — 1. The HS is boiled out and the effect of the addition of 
NH,OH alone is noted because it often gives a useful indication as to 
what elements are present. To save time the expulsion of the H.S may 
be omitted when this indication is considered unimportant. Ammonium 
monosulphide is used, rather than polysulphide, in order to prevent as 
far as possible the dissolving of NiS, and in order not to introduce 
sulphur into the precipitate, or polysulphide into the filtrate; for this 
gives to the filtrate a deep yellow color and causes in the subsequent 
analysis separation of sulphur on standing or on heating. Excess of 
the monosulphide is avoided for the same reasons, since it rapidly 
oxidizes in the air to polysulphide. By passing H.S into the ammo- 
niacal solution instead of adding (NH,).S, the dissolving of NiS is 
entirely prevented ; therefore, though the operation takes a little longer, 
the use of H,S is to be preferred when nickel is likely to be present. 
The mixture is shaken in order to coagulate the precipitate and make 
it filter more readily. Heating also promotes the coagulation of the 
precipitate, and it is recommended when the precipitate does not coagu- 
late and settle quickly on shaking. The filtrate is boiled for a few 
moments to ensure the complete precipitation of Cr(OH)s, or longer to 
ensure that of NiS, whose presence is indicated by a brown or nearly 
black color of the filtrate. Finally, it is directed to wash with water 
containing a little (NH,).S, and to keep the filter covered, in order 
to avoid the oxidation of the sulphides by the air, by which soluble 
sulphates may be formed. 
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2. Under the conditions of the procedure, which provides. for a 
small excess of NH,OH in the presence of NH,Cl, aluminum, chro- 
mium, iron, titanium, zirconium, and beryllium are completely precipi- 
tated as hydroxides and uranium as ammonium diuranate, (NH,)2U,O,. 
All of these precipitates are white, except those of chromium, uranium, 
and iron. Cr(OH), is grayish green and (NH,),U,O, is yellow. The 
color of the precipitated hydroxide of iron varies with the state of 
oxidation of the iron, pure ferrous salts yielding a white precipitate, 
and ferric salts a reddish brown one, while mixtures of them yield green 
or black precipitates. In the alkaline mixtures the precipitate is rapidly 
oxidized by the oxygen of the air and undergoes corresponding changes 
in color. Manganous salts are also oxidized rapidly, with the result 
that brown Mn(OH); separates. Under the conditions of the procedure 
zinc and nickel, when present alone, are completely dissolved ; the same 
is true of cobalt, except when it is present in large quantity; but zinc 
is precipitated when chromium is also present. The ammoniacal solu- 
tion of nickel is blue, and that of cobalt of a reddish color, which 
darkens rapidly on exposure to the air, owing to oxidation. If a smaller 
excess of NH,OH is used than is directed, some zinc hydroxide, as 
well as cobalt hydroxide, may remain undissolved when large amounts 
of these elements are present, but this has no effect on the subsequent 
analysis. If, however, a much larger excess of NH,OH is employed, 
a few milligrams of aluminum and chromium may be dissolved, the 
latter giving a pink colored solution. 

3. The presence of a considerable quantity of NH,Cl, such as is 
formed by the neutralization of the acid already in the solution, serves 
to prevent the precipitation of Mg(OH), [and of Mn(OH),], and also to 
lessen the amount of Al(OH), dissolved by the NH,OH. 

4. The influence of an excess of the NH,OH and of the presence 
of NH,Cl on the solubilities of the various hydroxides is explained by 
the mass-action law and ionic theory as follows: In order that any 
hydroxide, say of the type MO,H2, may be precipitated, it is necessary 
that the product Cy.C*%oy of the concentrations of the ions M** and 
OH_- in the solution in question attain the value known as the solubility- 
product. This varies, of course, with the nature of the hydroxide, but 
for all the elements of the iron group, and also for magnesium, it has 
so small a value that even in a solution containing in 50 ccm. only 
1 mgm. of the element and a slight excess of NH,OH, the product 
CyC’on exceeds it, and precipitation results. When, however, much 
NH,C\ is also present, this greatly reduces, in virtue of the common-ion 
effect, the ionization of the NH,OH and therefore the OH™ concentra- 
tion in the solution, so that now for certain elements the product 
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CyC’on does not reach the solubility value, even when Cy is moder- 
ately large (say 500 mgm. in 50 ccm.). This is true of magnesium and 
manganese, but in the cases of aluminum, chromium, and ferric iron 
the solubility of the hydroxides in water is so slight that even in NH,Cl 
solution the solubility is not appreciable. 

If these were the only effects involved, the greater the excess of 
NH,OH added, the less would be the solubility of any hydroxide; but 
other influences come into play with certain of the elements. These 
influences are of two kinds. The first of these is shown by zinc, nickel, 
and cobalt. In the case of these elements, just as with silver and 
copper, the excess of ammonia combines with the simple cathion M**, 
forming complex cathions of the types M(NH,).** and M(NH,),**, 
thereby removing the simple cathion from the solution and making it 
necessary for more of the hydroxide to dissolve in order to bring back 
the value of Cy.C*oy to that of the solubility product. In such a case 
the presence of NH,Cl increases the solubility still further, since it 
greatly decreases Coy and slightly increases Cyy,oH and Cyy,, owing 
to the common-ion effect on the ionization of the NH,OH. Chromium 
also forms similar ammonia complexes, but in much smaller proportion, 

The second effect is exhibited in the case of AlOsH;. This hydroxide 
is a so-called amphoteric substance, 7. ¢., is one which behaves both as 
a base and as an acid in consequence of its being appreciably ionized 
both into 3(0H~)-+ Al*** and into H* + AlO,H, (or AlO,” and 
H,O). With the H* arising from the latter form of ionization, the OH™ 
coming from the excess of NH,OH combines to form H,O, thus causing 
more AlO;H; to dissolve until the value of Cajo,.Cy again attains that 
of the solubility product. Since Cajo,.Cy = const. in any solution sat- 
urated with AlO;H;, and since the equilibrium equations Cy.Coy = Kw 
and Cyy,Con = KgCyu,on must be satisfied, it follows from combi- 
nation of these equations that oe = const. and that Caio, = const. X 
CNHOH, ‘The f ion shows that th ity of aluminum di 

Cou. , e first equation shows that the quantity of aluminum dis- 
solved is proportional to the concentration of hydroxide-ion in- the solu- 
tion, and that therefore it would be much greater in a solution of a 
largely ionized base like NaOH than in that of a slightly ionized base 
like NH,OH. The second equation shows that the solubility in solu- 
tions containing NH,OH and NH,Cl’(or other ammonium salt) is 
proportional to the ratio of the concentration of the base to that of 
the salt; so that the presence of ammonium salts tends to neutralize the 
solvent action of an excess of the hydroxide. All these conclusions are 
in accordance with the facts. BeO,H, behaves in the same way as 
AlO;Hs, forming the cathion Be*+* and the anion BeO,= or HBeO,°. 
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5. It follows from the statements in the preceding notes that if 
NH,OH produces no precipitate it proves the absence of as much as 
1 mgm. of aluminum, iron, beryllium, uranium, titanium, and zirconium; 
also of chromium, if the mixture is heated to boiling after the addition 
of NH,OH. Care must be taken not: to overlook a small precipitate 
which might otherwise escape detection on account of its transparency. 
The mixture should therefore be well shaken and allowed to stand 
2 or 3 minutes in order that the precipitate may collect in flocks. This 
treatment also oxidizes the iron when present in small quantity, and 
thus enables it to be more readily detected, for its precipitation in the 
ferric state is more complete. 

6. When phosphate is present, magnesium, calcium, strontium, barium, 
and manganese may be partially, or even completely, precipitated by 
NH,OH. It is therefore necessary, when phosphate is present, to pro- 
vide for the detection of the alkaline-earth elements in the analysis of 
this precipitate. The normal phosphates and the monohydrogen phos- 
phates of these elements are difficultly soluble in water, but dissolve 
readily in acids, owing to the formation in solution of the much more 
soluble dihydrogen phosphates or of free phosphoric acid; for example, 
according to the equations: 


(Ca**),(PO.®)2 + 4H*Cl- = 2Ca**(Cl>), + Ca**(H,PO,>)s; 
Ca**(H,PO,-). + 2H*Cl = Cat*(Cl-), + HsPO, 


Upon the addition of sodium or ammonium hydroxide to such a solution 
the hydrogen-ion in equilibrium with the H,PO,” and H;PO, is removed, 
and these dissociate into HPO,= and PO,-, thus causing precipitation 
of the corresponding salts. When other elements, like iron, forming 
more insoluble phosphates are also present, it is evident that they will 
combine with the phosphate radical, thus leaving the alkaline-earth 
elements in solution. On the other hand, when a soluble carbonate, 
or a large excess of a strong base, is also present, the alkaline-earth 
phosphates will be partially converted into carbonates or hydroxides, 
leaving phosphate in solution. 

7. The presence of any other acid radical which forms with the 
alkaline-earth element salts soluble in dilute acids but insoluble in 
ammonia may also cause their precipitation at this point. Such radicals 
are fluoride, borate, oxalate, and hypovanadate. The fluoride will ordi- 
narily have been removed in the evaporation with acids in the prepara- 
tion of the solution. The borates of the alkaline-earth elements, though 
somewhat difficultly soluble, are not sufficiently so to cause them to 
be precipitated, except when present in very large quantity. Oxalate 
and hypovanadate, even if present, do not make any change necessary 
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in the usual process of analysis, for in the course of it vanadate and 
much of the oxalate are separated from the alkaline earths in P. 52, 
and the remainder of the oxalate is destroyed in P. 61. 

*8. Vanadium when present alone in moderate quantity may remain 
in solution, but when present in large quantity is precipitated by NH,OH 
as a dark gray hydroxide, VO(OH),. This compound corresponds to 
the state of oxidation (oxide VO.) to which vanadic acid (oxide V,O;) 
is partially or completely reduced by H,S. It is an amphoteric sub- 
stance which forms with acids soluble blue salts such as VOCI,, vanady) 
dichloride, and VOSQ,, vanadyl] sulphate, and with bases hypovanadates 
such as Na,V,O,; and Na,V,O;. When other elements of this group are 
also present the vanadium may be completely precipitated with them, 
since their hypovanadates and vanadates are in general difficultly soluble 
substances. 

*9. When a base is added to a uranyl salt (for example, UO,Cl.), 
uranyl hydroxide, UO,(OH),, is first formed in solution, but this is an 
amphoteric substance, and it is converted by the excess of base into 
salts of diuranic acid, H,U.O,, of which even the alkali salts are insoluble. 

10. (NH,).S precipitates ZnS, MnS, NiS, CoS, and TI,S, and con- 
verts Fe(OH), into FeS, Fe(OH), into Fe,S,, and (NH,),.U,O, very 
slowly into UO.S. The hydroxides of aluminum, chromium, titanium, 
zirconium, and beryllium are not affected by the (NH,).S. Whether 
a hydroxide precipitate is converted into a sulphide precipitate or 
whether the reverse reaction takes place depends on the relative solu- 
bilities of the two compounds and on the relative concentrations of 
sulphide-ion and hydroxide-ion in the solution. Since in the solution 
the concentration of the sulphide-ion greatly exceeds that of the hydrox- 
ide-ion, even difficultly soluble hydroxides would be converted into more 
soluble sulphides, provided that the difference in solubility is not too 
great. In the case of hydroxides like Al(OH)s, which are not so 
changed, their sulphides are so much more soluble that they do not 
form in aqueous sulphide solutions. 

11. The sulphides of iron, nickel, and cobalt are black; T],S and 
UO.S are dark brown; ZnS is white; and MnS is flesh-colored, but 
turns brown on standing in the air, owing to oxidation to hydrated 
Mn,Q3. 

12. When nickel is present alone, or in large proportion in the 
(NH,)2S precipitate, several milligrams of it usually pass into the filtrate, 
making it dark-colored, and some NiS also passes through the filter 
with the wash water. In this case it is useless to try to remove the 
NiS by filtering again, but it can be coagulated by boiling for several 
minutes. This behavior of nickel, as stated above, can be avoided 
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altogether by passing H,S into the NH,OH solution to precipitate the 
sulphide instead of adding (NH,).S. The formation of this brown solu- 
tion depends upon the presence of ammonium polysulphide, for nickel 
may be completely precipitated by ammonium monosulphide in the 
absence of air. The nature of the brown solution is not known. 


*Procedure 51a.— To the filtrate from the (NH,),S precipitate 
(P. 51) add 5 ccm. NH,OH (0.90) and completely saturate the solu- 
tion with H,S. (Pink or violet-red color, presence of VANADIUM.) 

If no red color results, boil the solution for several minutes in a 
casserole to expel most of the NH,OH and (NH,),S, filter off the 
sulphur, and treat the filtrate by P. 81. 

If the solution assumed a pink or red color, acidify it with HCl 
(1.12), heat it to boiling, and filter. Boil the filtrate in a casserole to 
expel H,S, add 0.5-§ ccm. 10% FeCl, solution, and NH,OH (0.96) 
until the mixture after shaking smells of it, and filter. (Filtrate, P. 81.) 
Heat the HCl precipitate (with the filter, if necessary) with 5-10 ccm. 
HNO, (1.20) until the black precipitate is dissolved, and filter, (If 
the red coloration produced by H,S was slight, evaporate the filtrate to 
about 2 ccm.) Add to the solution a few drops of 3% H,O,. (Orange- 
yellow or orange-red color, presence of VANADIUM.) Dissolve the 
NH,OH precipitate by pouring a small portion of HNO, (1.20) repeat- 
edly through the filter, and test for vanadium with H,O, in the same 
way, first adding a little water to the HNO, solution if it has a red 
color owing to the presence of much ferric nitrate. 


Notes.—1. An ammoniacal solution of a vanadate or hypovanadate 
quickly becomes yellowish red when H.S is led into it, and this color 
slowly deepens as more H.S is absorbed; but the characteristic brilliant 
violet-red color is obtained only when the solution is completely satu- 
rated with H.S. The presence of ammonium salts tends to prevent 
the formation of this red compound, but their influence is overcome 
by the addition of a large excess of NH,OH. These facts make it 
probable that this red compound is an ammonium sulphovanadate, from 
which the sulphur is readily split off as SH~-ion, owing to hydrolysis. 
Under the conditions of the procedure o.2 mgm. V can be easily 
detected, the solution then having a pink color. 

2. Upon the addition of HCl the sulphosalt is immediately decom- 
posed, with formation of a black precipitate of V.S, or V.S;. This 
precipitation is far from complete under these conditions, only about 
half the vanadium being thrown down. More or less sulphur will also 
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be precipitated, but the dark color of the sulphide is apparent even 
when less than 0.5 mgm. V is present. Acetic acid may be used instead 
of HCl, but the proportion of vanadium precipitated as sulphide is not 
much increased. 

3. When a three to fivefold excess of a ferric salt is present and 
NH,OH is added, the remainder of the vanadium is precipitated (prob- 
ably as hypovanadate) together with the Fe(OH);. 

4. The confirmatory test for vanadium with H,O, depends upon the 
formation of pervanadic acid, HVO,. 0.1-o.2 mgm. V may be detected 
in a volume of 5 ccm., provided that the solution is strongly acid. 
A very large excess of H,O, is to be avoided, for this decreases the 
intensity of the color, and may even decolorize the solution completely 
if very little acid is present, probably owing to the formation of a 
colorless compound of pervanadic acid with hydrogen peroxide. 

5. Molybdenum, if not completely precipitated by H.S in P. 21, 
and tungsten, if it passed into the original acid solution (owing to the 
presence of phosphate or arsenate) in P. 3, may also be present in 
the filtrate from the (NH,).S precipitate. Upon saturating with HS 
molybdenum also gives a deep red color, which would obscure the test 
for vanadium and might be mistaken for it; but tungsten gives no color. 
Upon acidification with HCl tungsten divides between the precipitate 
and filtrate, but molybdenum is thrown down completely as black MoS,. 
(If the cold solution is acidified with acetic acid, the sulphomolybdate 
remains undecomposed for some time and the MoS; is not completely 
precipitated even on boiling.) In the final confirmatory test with H,O, 
tungsten gives no color; and molybdenum, even when a large quantity 
is present, gives only a pure yellow color, but not an orange or red one. 


Procedure 52.— Transfer the (NH,),S precipitate (P. 51) with the 
filter, if necessary, to a casserole; add 5-20 ccm. HCl (1.12), stir for 
a minute or two in the cold, and then boil the mixture for 2 or 3 min- 
utes; if a black residue still remains, add a few drops HNO, (1.42) 
and boil again. Dilute with a little water, filter off the sulphur resi- 
due, and evaporate the filtrate to a small volume to remove the excess 
of acid. 

*In order to detect rare-earth elements, and to remove them if 
present, treat this solution by *P. 52a. 

*If uranium and vanadium are to be tested for later by *P. 58a—/, 
evaporate twice with a little HNO, (1.42) to destroy HCl. 

Dilute the solution to 10 or 20 ccm.; make alkaline with NaOH 
solution, avoiding a great excess; add 10-20 ccm. more water if so 
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large a precipitate separates that the mixture becomes almost gelatinous. 
Cool by placing the casserole in cold water and add 0.5—3 grams solid 
Na,O, in small portions with constant stirring. Then add § ccm. 
10% Na,CO, solution ; boil for 2 or 3 minutes to decompose the excess 
of Na,O,, cool, dilute with an equal volume of water, filter with the 
help of suction, and wash with hot water. (Precipitate, P. 61; filtrate, 
P. 53, or, if uranium or vanadium is to be tested for, *P. 582.) 


Notes.—1. All the hydroxides and all the sulphides, except NiS, 
CoS, usually dissolve readily in cold HCl. If, therefore, there is con- 
siderable black residue after adding the HCl, it shows the presence of 
nickel or cobalt (or possibly vanadium); a very small black residue 
may, however, be due to FeS enclosed within sulphur. The fact that 
there is no such dark-colored residue does not, however, prove that 
nickel and cobalt are absent, for a considerable quantity of them (even 
5 mgm.) may dissolve completely in the HCl when large quantities of 
other elements, especially iron, are also present. 

2. The fact that NiS and CoS dissolve so much less readily in 
dilute acids than do the other sulphides of this group seems to be due 
not to a lesser solubility in water, but to an unusually slow rate of 
solution; for nickel and cobalt are not precipitated by H,S even from 
a much more weakly acid solution, and their sulphides obtained by 
precipitation with an alkaline sulphide continue to dissolve in dilute 
acids without reaching a limit determined by the concentration of the 
H.S and the nickel-ion or cobalt-ion in the solution, as would be 
the case if the phenomenon were that of the solubility of a difficultly 
soluble sulphide. ° 

3. The (NH,).S precipitate is first treated with HCl, partly in order 
to furnish the indication just referred to of the presence of nickel or 
cobalt, but mainly because much more free sulphur and sulphate would 
be formed by oxidation if HNO, or agua regia were used at the start. 
The presence of the sulphate in considerable quantity in the solution 
interferes with the subsequent test for chromate [with Ba(NO;), in P. 55 
or with Pb(NO,). in *P. 584]. If NiS, CoS, or V.S; are present in 
the residue, HNO; must, however, be subsequently added, to ensure 
the solution of these sulphides. *The HCl is destroyed by evaporation 
with HNO,, since chloride interferes with the test for chromate with 
Pb(NO;). in *P. 584. 

*4. If the (NH,).S precipitate be allowed to stand for a long time 
before treating it with acid, or if the mixture be heated for a long 
time after the precipitation, TiO(OH), and ZrO(OH), may remain in 
part undissolved even by the boiling concentrated acids, owing to the 
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fact that the hydroxides at first precipitated become partially dehydrated, 
in which state they are very difficultly soluble. If this happens at this 
point, or in dissolving hydroxide precipitates obtained later in the 
analysis, the residue may be dissolved in a little HF in a platinum 
dish, and the HF then expelled by evaporating two or three times 
with HNO, (or HCl) nearly to dryness. 

5. By NaOH, iron, manganese, nickel, cobalt, *titanium, *zirconium, 
*thallic thallium, and *uranium are completely precipitated and do not 
dissolve in moderate excess; while aluminum, chromium, zinc, *vana- 
dium, and *beryllium remain in solution or dissolve when a sufficient 
excess is added, owing to the fact that their hydroxides are ampho- 
teric substances (see P. 51, Note 3), and form with the NaOH soluble 
aluminate (NaAlO,), chromite (NaCrO,), zincate (Na,ZnO,), vanadate 
(Na,VO,), and beryllate (Na,BeO,). Thallium in the thallous state also 
remains in solution, since TIOH is a readily soluble substance. When 
zinc and chromium are simultaneously present they are precipitated in 
the form of a double compound (ZnCr,0,). Chromium would also be 
completely precipitated, owing to hydrolysis and the formation of a less 
soluble solid hydroxide, if the NaOH solution were boiled before adding 
Na,O,. It will be observed that NaOH precipitates manganese, nickel, 
and cobalt, while NH,OH does not. This occurs with manganese 
because of the far greater concentration of hydroxide-ion in the NaOH 
solution, and with nickel and cobalt partly on this account and partly 
because there is no complex formation as there is with NH,OH. 
Mn(OH), is white, but rapidly turns brown, owing to oxidation, to 
Mn(OH),;; Ni(OH), is light green; Co(OH), is pink, but from cobalt 
solution a blue basic salt is first precipitated in the cold. If a large 
excess of NaOH be added a little Co(OH), dissolves, yielding a blue 
solution, doubtless forming a salt such as Na,CoO,. This is to be 
avoided, since then the cobalt will not be completely oxidized and 
precipitated upon the subsequent addition of Na,O,.. 

6. By the addition of Na,O,, Fe(OH), is changed to dark red 
Fe(OH);, Mn(OH), to brown hydrated MnO,, Co(OH), to black 
Co(OH);, Ni(OH), partially to black Ni(OH);, and thallium is pre- 
cipitated as dark red TI(OH),, all of which are insoluble in excess of 
cold NaOH and remain, together with TiO(OH), and ZrO(OH),, in 
the precipitate. Chromium and uranium, which after the addition of 
NaOH are present as soluble sodium chromite or as insoluble sodium 
diuranate (Na,U,O;), are converted by Na,O, into chromate (Na,CrO,) 
and peruranate, which are soluble compounds and remain in solution, 
together with the zinc, beryllium, and vanadium, which are still present 
as zincate, beryllate, and vanadate. The separation is more satisfactory, 
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especially in the case of uranium, when a large amount of Na,O, is 
used. 

7. Even acold solution of Na,O, decomposes rapidly with evolution 
of oxygen, and this decomposition takes place with explosive violence 
when the solution is hot. The peroxide is therefore added in small 
portions to the cold solution. A steady evolution of gas continuing 
after the mixture has been well stirred is an indication that sufficient 
peroxide has been added. The mixture is finally boiled in order to 
destroy the excess of Na,O, and to cause the complete precipitation of 
titanium, some of which first passes into solution, probably as the per- 
titanate. The solution is cooled because TI(OH); is somewhat more 
soluble in the hot solution than in the cold one. Even in the cold, 
when thallium is present alone, about 0.5 mgm. will usually pass into 
the filtrate; but precipitation is complete when elements of the iron 
group are also present. The solution is diluted before filtering in 
order to avoid the disintegration of the filter paper; it is often advan- 
tageous to support the filter by folding it together with a small, hardened 
filter. ' 

8. The Na,CO, is added to ensure the complete precipitation of mag- 
nesium, calcium, strontium, and barium, whose hydroxides, especially that 
of barium, are somewhat soluble even in the presence of NaOH. ZnCO,, 
though insoluble in a dilute solution of Na,CQO, alone, dissolves when 
much NaOH is present, owing to the nearly complete conversion of the 
zinc-ion into zincate-ion by the reaction Zn** + 4O0H™ = ZnO," + 
2H,0. The Na,CO; also serves to decompose the chromates of the 
alkaline-earth elements; if it is not added, chromium may remain in 
the precipitate and escape detection. It is unnecessary to add the 
Na.CO, when the alkaline-earth elements are known to be absent. 

g. Phosphate or oxalate, if present, divides itself in this procedure 
between the precipitate and solution in a proportion which depends on 
the nature and quantities of the metallic elements. (See P. 51, N. 6.) 
Their presence does not cause any of the elements to precipitate which 
would not otherwise do so, in spite of the slight solubility of aluminum, 
zinc, and beryllium phosphates. This is due to the fact that the 
cathions of these elements (Al***, Zn**, Be**) are present in the 
NaOH solution only at an extremely small concentration, owing to 
their combination with the OH™-ion to form anions (AlO,~, ZnO,-, 
BeO,*). 

10. Even when less than 1 mgm. Cr is present as chromate, it 
imparts a distinct yellow color to the alkaline solution, so that when 
a colorless solution results it proves the absence of this element. Ura- 
nium in small quantity also gives a yellow color to the solution, which 











ITT. Aluminum and Iron Groups: Procedure 52a 39. 


is noticeable with 1 or 2 mgm.; a moderate amount (about 10 mgm.) 
gives a red color, which is intense with still larger quantities. Alkaline 
solutions containing vanadium are colorless after boiling. 

11. This separation with NaOH, Na.O,, and Na,CO, is a very 
satisfactory one, except in the case of zinc. ‘This element, when pres- 
ent in small quantities, is completely carried down in the precipitate 
when much iron, nickel, or cobalt, or especially manganese, is present. 
Provision for the detection of zinc in the precipitate must therefore 
be made. 

12. If Na,O, is not available, sodium hypobromite, NaBrO (prepared 
by mixing NaOH and bromine as described in P. 70, N. 3), may be 
used as the oxidizing agent; but it is not quite so satisfactory as Na,Oz, 
for it does not oxidize Cr(OH), so readily, and it is apt to oxidize some 
of the manganese to NaMnQ, (especially if there is not a sufficient 
excess of NaOH present). 


*Procedure 52a.— To detect rare-earth elements, and to remove 
them if present, transfer the acid solution (P. 52) to a platinum dish 
[after destroying any HNO,, if any has been added, by evaporating 
in porcelain once or twice with HCl (1.20)], and evaporate just to 
dryness. Add to the residue 45% HF solution, little by little, until 
the residue has been dissolved, or until about 25 ccm. have been added, 
stirring with a platinum rod after each addition, and finally boiling 
gently under a hood for a minute or two if there is still a residue. 
Collect the residue on a filter supported on a platinum ring or in a 
celluloid funnel ; collect the filtrate in a platinum dish; wash the residue 
thoroughly with water. 

To the filtrate add 3-5 ccm. HCl (1.20), and evaporate it just to 
dryness ; add a little HC] and evaporate again, and repeat these opera- 
tions a third time. Dissolve the residue in a little water, adding HCl 
if necessary ; transfer to a casserole, and treat the solution by the last 
paragraph of P. 52, first evaporating with HNO, to destroy HCl if 
chromium, uranium, and vanadium are to be tested for by *P. 58a-e. 

Transfer the residue insoluble in HF to a platinum crucible; if the 
filter has been added, ignite to destroy it. Add 2-5 ccm. H,SQ, (1.20), 
heat until sulphuric acid fumes are given off, cool, add 10-20 ccm. water, 
heat, and filter. Treat the precipitate (which can consist only of CaSQ,, 
SrSO,, or BaSQO,) with concentrated Na,CO, solution by P. 6. To 
the H,SO, solution add ammonia until alkaline. (White precipitate, 
presence of RARE-EARTH ELEMENTS.) Filter and test the filtrate for 
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calcium and magnesium. Wash the precipitate thoroughly, dissolve it 
in a little HCl, evaporate just to dryness in a platinum dish, dissolve in 
a little water, and add 5-10 ccm. HF. (White precipitate, presence 
of RARE-EARTH ELEMENTS.) 


Notes.—1. Among the so-called rare-earth elements are included 
thorium, cerium, lanthanum, praseodymium, neodymium, yttrium, ytter- 
bium, and a number of other similar elements. These elements, like 
the alkali-earth elements, are characterized by the insolubility of their 
fluorides, but differ from the alkali-earth elements in that their hydrox- 
ides are precipitated by ammonia and that their sulphates are not 
precipitated by sulphuric acid. It is upon these facts that the separa- 
tion described in the above procedure is based. If there is no residue 
after the treatment with HF, it shows, of course, that the rare-earth 
elements are absent; if, on the other hand, there is a residue, it does 
not necessarily show their presence, except when it is known that alka- 
line-earth elements cannot be present. (See P. 51, N. 6 and 7.) The 
further treatment described in the procedure serves to eliminate the latter. 

2. Owing to the fact that aluminum and chromium fluorides are 
somewhat difficultly soluble in HF, care must be taken to use a rather 
large quantity of this acid when a residue remains. It is also obvious 
that the fluoride residue must be thoroughly washed if the formation 
of a precipitate with ammonia is to be considered a conclusive indica- 
tion of rare-earth elements. The final treatment of the NH,OH pre- 
cipitate is recommended to eliminate the possibility of error from these 
sources. 

3. The HF solution, which may contain all the elements of the 
aluminum and iron groups, is evaporated repeatedly with HCl to expel 
the HF, which is especially apt to be retained when titanium and 
zirconium are present. 


THE ALUMINUM GROUP 


Procedure 53.— Acidify the alkaline solution (P. 52) with HNO, 
(1.42), avoiding a large excess; add NH,OH (0.96) until the mixture 
after shaking smells of it, and then add 2-3 ccm. more. Heat almost 
to boiling in order to coagulate the precipitate, filter, and wash thor- 
oughly with hot water. (White flocculent precipitate, presence of 
ALUMINUM (Or *BERYLLIUM); Colorless solution, absence of CHROMIUM.) 
(Precipitate, P. 54, or to detect beryllium, *P. 58¢ and 4; filtrate, 
P. 55.) 
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Notes. —1. The alkaline solution is acidified with HNOs, instead of 
with HCl, because the latter acid might reduce chromic acid, especially if 
a large quantity were added, or if the acid solution were heated. A mod- 
erate excess of NH,OH must be added in order to keep the zinc in 
solution, which it does because of the production of Zn(NH;),**(NO; )2; 
but a large excess is to be avoided, since it dissolves Al(OH)s, owing to 
formation of NH,*AlO,~. The zinc is dissolved even when carbonate, 
phosphate, or oxalate is present. 

2. Since aluminum and silica are very likely to be present in the 
NaOH and Na,O, used as reagents, and since they may be taken up 
from the dishes, a blank test for these impurities should be made when- 
ever new reagents are employed for the first time by following P. 52 
and 53 and comparing the NH,OH precipitate with that obtained in 
any regular analysis. It is also well at the same time to test for zinc 
by acidifying the NH,OH solution with acetic acid and following P. 57. 


Procedure 54. — Dissolve the precipitate (P. 53), or a small portion 
of it if it is large, in 5 ccm. HNO, (1.20). From the appearance of 
the precipitate estimate the number of milligrams of aluminum which 
have been dissolved, and to the solution add about one-fourth as much 
cobalt as cobalt nitrate, using, however, not less than 0.2 mgm. Evap- 
orate almost to dryness in a casserole, add a drop or two of water, and 
soak up the solution in a small piece of filter paper. Make a small roll 
of the paper, wind a platinum wire around it to form a spiral, and 
incinerate the paper in a small flame, finally heating the residue strongly. 
(Blue residue, presence of ALUMINUM.) 


Notes.—1. A confirmatory test for aluminum should always be tried 
when the NH,OH precipitate is small, for general reasons, inasmuch 
as the precipitation by NH,OH of an element whose hydroxide is sol- 
uble in NaOH is not very characteristic (lead, antimony, tin, and beryl- 
lium showing a similar behavior), but also especially to guard against 
mistaking SiO,;H, for Al(OH),; for the former substance, if not entirely 
removed by proper dehydration in the process of the preparation of the 
solution (in P. 3, Part I), may appear at this point. A gelatinous pre- 
cipitate which does not dissolve in HNO, indicates silica; it may be 
tested for by P. 5. 

2. The test described in this procedure depends upon the formation 
of a blue compound, whose formula is not definitely known; but it is 
doubtless a compound of the two oxides CoO.xAl,O3, and may be simply 
cobalt aluminate, Co(AlO,).. It may be formed in various ways; but - 
the process described in the procedure seems to be the most suitable 
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one for making the test for aluminum reliable and delicate. It is of 
the utmost importance to have the aluminum present in excess; for 
otherwise the blue color is obscured by the black oxide of cobalt. In 
order that a small enough amount of cobalt may be added, it is conven- 
ient to use a very dilute solution of cobalt nitrate, say one that contains 
one-tenth of a milligram of cobalt per cubic centimeter. 

3. When the test is properly made, the ash retains the form in 
which the filter paper was rolled, and the whole mass, or a large part 
of it, is colored blue. The presence of an equivalent amount of phos- 
phate does not spoil the test. When, however, sodium or potassium 
salts are present, the ash fuses together and the test is very unsatis- 
factory. For this reason the sodium salts present should be all washed 
out of the NH,OH precipitate before dissolving it in HNO;. No other 
element gives a blue color to the ash; but certain elements, especially 
iron, obscure the test, so that it can be applied only after other elements 
have been removed in the regular process of analysis. 0.5 mgm. Al 
may be easily detected, and even o.2 mgm. after a little practice. 

4. Another very good confirmatory test for aluminum consists in 
dissolving the NH,OH precipitate in HCl (1.12), adding 144 volumes 
of ether, and saturating the mixture in the cold with HCl gas, as 
described in *P. 58g. Under these conditions aluminum separates in 
the form of the crystalline compound AICl;.6H,O0; but no other ele- 
ment of the aluminum group is precipitated, except chromium, which 
if present in quantity greater than 10-20 mgm. gives a violet precipitate. 
Moreover, silica does not interfere with this test. By this process, more- — 
over, beryllium is quantitatively separated from aluminum, and may be 
tested for in the filtrate. 


Procedure 55.— Acidify the NH,OH solution (P. 53) with 30% 


acetic acid solution, avoiding an excess of more than 2 ccm. 


If the solution is colorless, treat it by P. 57. 
If it is at all yellow, add about 10 ccm. 10% BaCl, solution, allow 


the mixture to stand for at least 5 minutes, and filter. (Yellow pre- 
cipitate, presence of CHROMIUM.) (Precipitate, P. 56; filtrate, P. 57.) 


Notes.—1. The presence of less than 0.5 mgm. chromium as 
chromate in a volume of 50 ccm. makes the solution distinctly yellow, 
and the addition of BaCl, is therefore unnecessary when the solution is 
perfectly colorless. It is to be avoided, since BaSO, may be precipitated 
and has then to be removed by filtration. In doubtful cases the color 
of the solution should be compared with that of water. ~The color test 
is, of course, not delicate by artificial light. 
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2. Since some sulphate may be present, the formation of a white 
precipitate with BaCl, does not prove the presence of chromium. 
Whether the precipitate is pure white or yellow should therefore be 
carefully noted. The yellow color of a small BaCrO, precipitate is 
most apparent when the precipitate has settled or when it has been 
collected on the filter. If there be sufficient sulphate present to obscure 
the yellow color of a little BaCrO,, the confirmatory test for chromium 
described in the next procedure should be tried. 


Procedure 56.— Pour repeatedly through the filter (P. 55) a 
5-10 ccm. portion of a mixture of 1 volume of HNO, (1.20) with 
9 volumes of water; to the cold solution in a test tube add about 
2 ccm. of ether and 1 ccm. 3% H,O,, and shake. (Blue coloration of 
ether layer, presence of CHROMIUM.) 


Note. — This blue compound which is formed by the action of H,O, 
on chromic acid is one of the perchromic acids. It has the formula 
H;CrO,, and appears to be an addition product of H.O, and a higher 
oxide of chromium. It is a very unstable substance; by its decompo- 
sition oxygen is evolved and the chromium is reduced to a trivalent 
chromic salt. Its decomposition is greatly accelerated by an excess 
of H,O,, by the presence of much acid, and by raising the tempera- 
ture. It is therefore important not to add too much H,O,, and to use 
dilute acid, as directed in the procedure. If in dissolving the precip- 
itate the filter be heated with HNOs, the paper causes the chromate 
to be reduced to a chromic salt; but when the cold acid is merely 
poured through the filter this reduction does not take place. If a green 
solution should be obtained, the chromium must be reoxidized with 
Na,O, in alkaline solution before making the test. Under proper con- 
ditions o.2 mgm. Cr may be detected, but the test may fail with a 
much larger amount if the directions are not followed. 


Procedure 57. — Warm the acetic acid solution (P. 55 or *P. 58 f) 
to 50° or 60°, saturate it in a small flask with H,S, cork the flask, and 
allow it to stand for 5 or 10 minutes if no precipitate separates at once. 
(White flocculent precipitate, presence of zinc.) Filter through a 
double filter (two filters folded together) ; wash once with a little water. 
Reject the filtrate. 

To confirm the presence of zinc, pour a 5-10 ccm. portion of HNO, 
(1.20) two or three times through the filter containing the H,S pre- 
cipitate. To the solution add an amount of cobalt as cobalt nitrate 
equal to about one-fourth of the amount of zinc estimated to be present, 
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using, however, not less than 0.2 mgm. cobalt. Evaporate in a casse- 
role almost to dryness to expel the acid, neutralize with 10% Na,CO, 
solution, and add about 0.5-1 ccm. in excess. Evaporate to dryness, 
ignite gently until the purple color due to the cobalt disappears, and 
allow the casserole to cool. (Green color, presence of zINc.) 


Notes. — 1. ZnS precipitates more rapidly, and in a somewhat more 
flocculent form, from a warm solution. Very small quantities of zinc 
(less than 1 mgm.) may be missed unless a short time be allowed for 
the precipitate to coagulate; but since sulphur may then separate, the 
appearance of a white turbidity is not sufficient proof of the presence 
of zinc. The precipitate may be allowed to settle in order that the 
amount of zinc present may be better estimated. A double filter is 
used, since the ZnS is apt to pass through the filter. 

2. The immediate formation of a white flocculent precipitate with 
H.S in acetic acid solution is so characteristic as to be a sufficient 
test for zinc. Manganese is the only other element of this group that 
forms a light-colored sulphide; and this, owing to its greater solubility 
in water, does not precipitate from an acetic acid solution. ‘The con- 
firmatory test described in the last paragraph of the procedure is, 
however, useful when only a .small noncoagulating precipitate which 
may be sulphur results, or when, owing to the presence of a small 
quantity of other elements, the precipitate is dark-colored. 

3. The green compound obtained in the confirmatory test is doubtless 
a compound of cobalt and zinc oxides, perhaps cobalt zincate, CoZnQ,. 
The conditions under which the zinc and aluminum compounds of cobalt 
are formed are very different. As we have seen, the aluminum com- 
pound is formed only at very high temperatures, and the test is not 
at all delicate in the presence of a salt of an alkali element. On the 
other hand, the zinc compound is obtained at comparatively low tem- 
peratures, and the presence of an alkali is essential. Excess of cobalt 
must, of course, be avoided, for the black cobalt oxide completely 
obscures the green color. A larger proportion of cobalt than is recom- 
mended in the procedure may be added without danger, but the test 
is very satisfactory even when a large excess of zinc is present. 


*Procedure 58a.—To the filtrate from the Na,O, precipitate 
(P. 52) add HNO, (1.20), keeping the solution cool, until it reacts 
slightly acid and any precipitate just redissolves upon shaking. (See 
N. 1.) Dilute the solution to 100 ccm. and transfer it to a strong 
200 ccm. bottle. Add solid NaHCQg, a little at a time, until the 
mixture after shaking no longer turns blue litmus paper red at once; 
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finally add 1.0-1.5 grams solid NaHCO, (weighed out roughly). Close 
the bottle with a tightly fitting cork, wire it in, wrap a cloth around the 
bottle, place it in a vessel of warm water, and boil the water gently 
for 20 or 30 minutes. Cool the bottle to at least 50° (best by slowly 
adding cold water to the bath), remove the cork, filter at once, and 
wash, using suction if the precipitate is large. (Filtrate, *P. 584. 
precipitate, *P. 58 /.) 


Notes.—1. If up to this point in the analysis there has been no 
indication of any of the elements that are to be tested for in the alka- 
line solution, time may often be saved by determining before treating 
with NaHCO, whether any of them are present by proceeding as follows : 
to one-fourth of the solution, which has been acidified with HNO;, add 
NH,OH (0.96) in small excess, note whether a precipitate forms, and 
then add a few drops of (NH,).S solution. Even if there is no precipi- 
tate, vanadium may be present; to test for this, add 3 ccm. NH,OH 
(0.90) and completely saturate with H.S. (See *P. 51a) If the results 
of these tests show that any of these elements are present, treat the 
remainder of the HNO; solution by the regular procedure. If, on the 
other hand, the results are negative, no further treatment is necessary. 

2. The alkaline solution is kept cold during the neutralization, and 
an excess of HNO, is avoided because chromate in the presence of 
H,O, and an acid is rapidly reduced to a chromic salt, especially when 
the solution is hot. This reduction, if complete, would prevent the 
detection of chromium in the subsequent test. H,O, will, to be sure, 
not be present, since Na,O, is very rapidly destroyed by the boiling of 
the alkaline solution in P. 52, except when uranium is also present; 
in this case the peruranate which is formed by the treatment with Na,O, 
is not decomposed upon boiling, but breaks up into a uranyl salt and 
H,O, upon acidification. 

3. The success of this separation depends upon securing the proper 
concentration of the NaHCO;. Since the NaHCO, may be at first used 
up in precipitating zinc, aluminum, and beryllium, as well as in neutral- 
izing the free acid, the weighed amount of NaHCO, is added only 
' after the solution ceases to react distinctly acid. A much larger con- 
centration of NaHCO, than 1.0-1.5% would not prevent the complete 
precipitation of zinc or of aluminum, but it would interfere with that 
of beryllium. Thus with a volume of too ccm. the precipitation of 
the beryllium is complete when the concentration of the NaHCO, is 
1%, and 1 mgm. can usually be detected when it is 2%; but 3 mgm. 
remain dissolved in a 3% solution, about 15 mgm. in a 5% solution, 
and about 150 mgm. in a 10% solution. A smaller concentration of 
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NaHCO, and a smaller volume than 100 ccm. are avoided, in order to 
prevent as far as possible the precipitation of uranyl vanadate, which 
may otherwise occur when large quantities of uranium and vanadium 
(about roo mgm. of each) are simultaneously present. The presence 
of phosphate or oxalate (or chromate) does not cause the precipitation 
of uranium, nor otherwise interfere with the analysis. When only small 
amounts of the elements of this group are present the separation can 
be made in a smaller volume, care being taken that the concentration 
of the NaHCO, rather than the quantity taken, be that prescribed. 
4. If it is desired, the separation may be made in an open flask; 
but in this case the solution must not be boiled and the NaHCO, solu- 
tion should not be stronger than 1%. The process is then best carried 
out by digesting the mixture on a water bath for 20-30 minutes in a 
flask covered with a watch-glass. Under these conditions neither zinc 
nor beryllium dissolves in significant quantity, but 1-2 mgm. of alumi- 
num may be completely dissolved. The mixture must not be boiled, for 


a larger amount of aluminum may then dissolve (as much as 5 mgm. 
on 1 minute’s boiling). 
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5. When a large amount of aluminum or beryllium is present, 
2—5 mgm. of uranium may be carried down almost completely in the 
NaHCO, precipitate, so that in this case uranium has to be tested for 
in the analysis of the precipitate. 

6. Ina dilute solution of NaHCO, saturated with CO, the hydrogen- 
ion and hydroxyl-ion concentrations are both very small and are nearly 
the same as in pure water. AlO;Hs;, basic BeCO;, and ZnCO, are com- 
pletely precipitated because the solubility of these substances is not 
much increased through removal of the OH™ or CO,* by combination 
with H* with formation of H.O or HCO,” (leaving the cathions Al***, 
Be**, or Zn** in the solution), or through removal of the metal-ions by 
combination with the OH™ with the formation of AlO,”, BeO,=, or ZnO.*. 
The higher hydroxides of chromium and vanadium (chromic and vanadic 
acids) are soluble, polybasic acids, which are so much more highly 
ionized than H,CO, that they displace it from its salt, NaHCO,, forming 
mainly sodium hydrogen chromate or vanadate. The fact that uranium 
is not precipitated, even though Na,U,O, is difficultly soluble, may be 
due to the formation of a complex sodium uranyl carbonate. 


*Procedure 58b. — To the NaHCO, filtrate add HNO, (1.20) until 
the solution is distinctly acid, avoiding an excess of more than I ccm. 
(Colorless solution, absence of CHROMIUM.) Unless the solution is as 
colorless as pure water, test one-fourth of it for chromium by adding 
to the cold solution in a test tube 2 ccm. ether and 0.5-1.0 ccm. 3% 
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H,O, solution. (Blue coloration of the ether layer, presence of cHRO— 
mMiuM.) To this mixture add about 5 ccm. HNO, (1.42). (Red 
coloration of water layer, presence of VANADIUM.) 

If chromium is not present, treat the HNO, solution or the part 
of it not tested with H,O, by *P. 58c. 

If chromium is present, exactly neutralize the remainder of the 
HNO, solution with NaOH, add 2 ccm. HNO, (1.20) and then 20 ccm. 
20% Pb(NOs), solution ; allow the mixture to stand for 15-20 minutes, 
and filter. (Yellow precipitate, presence of cHRomIuM.) Saturate the 
filtrate with H,S, filter off and reject the precipitate; boil the filtrate 
for 2 or 3 minutes to expel H,S and to coagulate any sulphur that may 
separate ; filter off and reject the precipitate. In order to oxidize vana- 
dyl salts to vanadate add bromine water (or, if much is required, liquid 
bromine) until the solution has a permanent reddish color. Boil in a 
casserole until the bromine is expelled and treat the solution by *P. 58c. 


Notes. —1. The NaHCO, filtrate should not be heated after acidify- 
ing, because some H,O, may still be present (even though most of it 
is decomposed in the heating with NaHCO;), which would cause the 
reduction of chromate, and might thus prevent the detection of even 
several milligrams of chromium. (See *P. 58a, N. 2.) 

2. It is desirable to determine in advance, by making a preliminary 
test if necessary, whether or not chromium is present; for if it is absent, 
the addition of the lead salt and the subsequent removal of the lead 
with H,S may be omitted. If added, its removal is necessary before 
the tests for uranium and vanadium can be made. If the acid solution 
is perfectly colorless, an amount of chromium exceeding 0.5 mgm. may 
safely be pronounced absent. Uranium and especially vanadium in mod- 
erate quantity (20-50 mgm.) also give yellow solutions. A yellow solu- 
tion is therefore tested for chromate with H,O,. In regard to this test, 
see P. 56, N. 1. The test can be made in only a small portion (one- 
fourth) of the solution ; for it is so delicate that the presence of o.1 mgm. 
chromium in this portion can be detected. The portion in which the 
test is made is rejected, because chromium, if present, is reduced to 
the chromic state by the H,O, in the acid solution, and would therefore 
not be precipitated by the lead nitrate. 

3. When vanadium is present, even in moderately small quantity, 
the water layer, on the addition of H,O., becomes orange-yellow to 
orange-red in color, owing to the formation of pervanadic acid. This 
test for vanadium becomes more delicate when the solution is made 
strongly acid as is directed ; a distinct color is then obtained even when 
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only o.5 mgm. vanadium is present in the portion tested, corresponding 
to about 2 mgm. in the whole solution. (Compare *P. 51a, N. 4.) The 
test is not essential, since vanadium is always tested for later; it is intro- 
duced here, where it can be made in a moment’s time, as an additional 
confirmation of the presence or absence of that element. 

4. The separation of chromium from vanadium and uranium by 
Pb(NO,;). depends on the relatively small solubility of lead chromate 
in dilute HNO, in the presence of a large quantity of Pb(NO,;).. Under 
the conditions described in the procedure, over 100 mgm. of vanadium 
yield no precipitate, and only o.1-0.3 mgm. of chromium usually remains 
in solution, though this amount is somewhat increased when a very 
large quantity of NaNO, has been introduced. To secure these results, 
however, care must be taken to use the prescribed quantities of HNO, 
and Pb(NOs),, for lead vanadate is also a difficultly soluble substance, 
and would be quantitatively precipitated in the presence of a much 
weaker acid, such as acetic acid in the presence of ammonium acetate. 
Lead uranate would also be precipitated from a neutral or slightly 
alkaline solution. 

5. The presence of much chloride or sulphate would cause the 
precipitation of white PbCl, or PbSO,, which might obscure the yellow 
color of a small quantity of PbCrO, and prevent the estimation of the 
amount of chromium present. These anions will, however, not be 
present in harmful quantity if in dissolving the original (NH,).S pre- 
cipitate (P. 51) the acids are used in the way prescribed, and if in 
acidifying the solutions in *P. 58@ and 6 HNO, and not HCl is used, 
as directed. 

6. The lead which is added to precipitate the chromate must be 
removed before testing for uranium with Na,HPOQ, (in *P. 58c), since 
it would give a precipitate of Pb,(PO,),. It is precipitated with H,S, 
rather than with (NH,4).SO,, because in the latter case enough lead 
(about 1 mgm.) still remains in solution to give a precipitate with 
Na,HPO,. 

7. By the H,S vanadic acid is reduced to vanady] nitrate, VO(NOs),, 
slowly in the cold, but more rapidly on heating the solution, so that 
sulphur may be precipitated on boiling the filtrate to expel H.S. This 
must be reoxidized to vanadic acid, for otherwise vanadyl ammonium 
phosphate would be precipitated with the uranium phosphate in *P. 58c. 
The oxidation by bromine does not take place instantaneously; and 
a considerable excess of bromine must therefore be used and the 
mixture allowed to stand a few minutes. 


*Procedure 58c. — Make the solution obtained in *P. 584 neutral 


with NH,OH, add 5 ccm. 30% acetic acid, 1-2 grams solid (NH,),SO, 
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(or NH,NO,), and then 2 grams solid Na,HPO,12H,O, and heat to 
boiling. (White precipitate, presence of URANIUM.) Allow the mix- 
ture to stand for 10-15 minutes to coagulate the precipitate, filter, and 
wash the precipitate with a 510% solution of (NH,),.SO, (or NH,NO,). 
(Precipitate, *P. 58d; filtrate, *P. 58¢.) 


Notes.—1. The precipitation of white uranyl ammonium phosphate, 
UO.,NH,PO,, is a delicate test, provided the solution be made only 
moderately acid with acetic acid and a sufficient excess of Na,HPO, 
be added. The separation from vanadium as vanadic acid is a very 
satisfactory one; for vanadium, even when present in large quantity 
(100 mgm.), does not precipitate, nor is a small quantity carried down 
by uranium; on the other hand, o.5 mgm. uranium gives a distinct pre- 
cipitate. The test is a somewhat more delicate one if made in a smaller 
volume, say 4o ccm.; in this case the same quantities of reagents may 
still be used, and the separation is perfectly satisfactory. 

2. The formation of a precipitate at this point is not sufficient 
evidence of the presence of uranium; for aluminum, beryllium, and 
lead will separate as phosphates if they have not been completely 
removed in previous procedures, and vanadium will precipitate as van- 
adyl ammonium phosphate if the oxidation by bromine was incomplete. 
On the other hand, a slight turbidity may correspond to an appreciable 
amount of uranium (0.2 to o.5 mgm.). Therefore the confirmatory test 
for uranium (*P. 58d) should always be tried. 

3. When the solution is made alkaline with NH,OH, a pale yellow 
precipitate of uranyl ammonium vanadate may separate, and may not 
dissolve when the acetic acid is added. This, however, has no effect 
on the separation, since on boiling it is converted into the less soluble 
uranyl ammonium phosphate and vanadic acid. 

4. In the absence of ammonium salts uranium is precipitated as 
uranyl hydrogen phosphate, UO,HPO,, which often separates as a very 
finely divided precipitate that runs through the filter. The ammo- 
nium salt is added to cause the uranium to precipitate as uranyl 
ammonium phosphate, which coagulates and filters more readily. 


*Procedure 58d. — Dissolve the NaHPQ, precipitate (*P. 58c) by 
pouring a small portion of hot HCl (1.12) repeatedly through the filter, 
evaporate the solution nearly to dryness, add about 10 ccm. nearly sat- 
urated NaCl solution, pour into a test tube, cool, and add 5 ccm. 10% 


K,Fe(CN), solution. (Dark red precipitate or coloration, presence of 
URANIUM.) 
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Note. — The precipitation of the dark red uranyl ferrocyanide 
(UO,).Fe(CN), is a very characteristic and also a very delicate test 
for uranium, provided care be taken to avoid any excess of acid. The 
solution must, however, be distinctly acid, for otherwise the precipitate 
may not form, owing to the small concentration of the uranyl-ion, 
UO,**. Uranyl ferrocyanide tends to form a colloidal solution; but 
the presence of NaCl and HCl soon causes it to coagulate. 


*Procedure 58e. — Neutralize the filtrate from the Na,HPO, pre- 
cipitate (*P. 58c) with NH,OH (0.90), and add about 5 ccm. more. 
Saturate the solution completely with H,S by passing the gas through 
it in a small flask for 10 or 15 minutes. (Pink or violet-red color, 
presence of VANADIUM.) Pour the solution through a filter; if it has 
a pink or red color make it distinctly acid with acetic acid (or HCl) 
and heat nearly to boiling. (Dark precipitate, presence of VANADIUM.) 


Note. — In regard to the formation of the sulphovanadate of vanadium 
in the strongly alkaline solution, the partial precipitation of vanadium 
sulphide on acidifying, and a confirmatory test for vanadium by the 
action of H,O, on vanadic acid, see the Notes on *P. 51a. 


*Procedure 58f. — Heat the NaHCO, precipitate (*P. 58) with 
10-30 ccm. HCl (1.06) in a casserole, or dissolve it by pouring the 
acid two or three times through the filter, boil the solution to expel 
CO,, and add NH,OH (0.96) until the solution after shaking smells 
of it, and then 2-3 ccm. in excess. Heat the mixture nearly to boiling, 
filter, and wash the precipitate, using suction if it seems desirable. 
(Precipitate, *P. 58¢; filtrate, acidify with acetic acid, and test for zinc 
by P. 57.) ' 


Note. —The zinc remains in the ammoniacal filtrate as a complex 
ammonia salt, chiefly Zn(NH;),**Cl,~._ Aluminum and beryllium are 
precipitated as hydroxides. The precipitate will also contain any uranyl 
vanadate that was precipitated in the NaHCO, separation. 


*Procedure 58g. — Dissolve the NH,OH precipitate (*P. 58 /) by 
pouring a hot 5-15 ccm. portion of HCl (1.12) repeatedly through the 
filter, using another portion of acid if necessary. Add a volume of 
ether equal to one and one-half times that of the solution. Pass into 
the mixture in a small flask HCl gas until a single layer results, and 
until fumes of HCl are copiously evolved, cooling the flask in running 
water during the process. Cover the flask, and let the mixture stand 
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for 15 minutes even if no precipitate has separated. (White crystalline 
precipitate, presence of ALUMINUM.) Filter through an asbestos filter 
(see P. 61) or through an ordinary filter supported by a small, hardened 
filter folded with it, after first moistening the filter with a mixture of 
2 volumes of HCl (1.20) and 3 of ether previously saturated with HC) 
gas; wash the precipitate once with this mixture. During the filtration 
and washing keep the funnel covered with a watch-glass to prevent 
evaporation of the ether. (Precipitate, P. 54, to confirm the presence 
of aluminum; filtrate, *P. 582.) 


Notes.—1. Aluminum chloride, AlC1;.6H,O, is only slightly soluble 
in concentrated HCl solutions, and the precipitate is complete when 
ether is added and the mixture saturated with HCl. 0.5 mgm. of alu- 
minum can be easily detected in 30 ccm. The test is therefore a deli- 
cate one. It is also very characteristic, for no other element of the 
aluminum group is precipitated by this treatment, except chromium 
when it is present in moderate quantity. 

2. The ethereal solution of HCl, unlike the concentrated aqueous 
solution, does not disintegrate filter paper rapidly, and the filtration can 
almost always be made with an ordinary filter supported by means of 
a hardened filter. This filtration is apt to be slow, and it is often 
advantageous to filter through asbestos with the help of suction. 

3. When the NH,OH precipitate is small (corresponding to less than 
30 mgm. Al), it need not be treated by this procedure, but it may be 
dissolved in a little HCl and treated directly by *P. 582. 


*Procedure 58h. — Evaporate the filtrate from the HCl precipitate 
(*P. 58g), first on a water bath under a hood until the ether is expelled, 
and then over a flame, almost to dryness until nearly all the HCl is 
expelled; add a little water, make alkaline with NH,OH, avoiding 
a large excess, and heat nearly to boiling. (No precipitate, absence 
of BERYLLIUM.) 

If there is a precipitate, dilute to 30 ccm., add enough solid NaHCO, 
to make a 10% solution, heat to boiling, boil for 1 minute, cool, pass 
in H,S for a few seconds, and filter after a few minutes if there is a 
precipitate. Acidify the filtrate with HCl, boil for 2 or 3 minutes to 
expel CO,, make the solution alkaline with NH,OH, and heat nearly 
to boiling. (White flocculent precipitate, presence of BERYLLIUM; 
yellow precipitate, presence of URANIUM.) 

Treat this precipitate or a portion of it corresponding to about 
20 mgm. of beryllium by *P. 58d. (Dark red precipitate, presence 
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of URANIUM.) Filter, and to the filtrate add NH,OH. (White 
precipitate, presence of BERYLLIUM.) 


Notes. —1. The filtrate from the HCI precipitate may contain, besides 
beryllium, uranium or vanadium (carried down in the treatment with 
dilute NaHCO, in *P. 58a), aluminum (if care was not taken in pre- 
cipitating and filtering aluminum chloride), and a little iron (introduced 
from the reagents). This solution is first tested with NH,OH to deter- 
mine if any further treatment is necessary. The treatment with the hot 
concentrated NaHCO, solution serves to precipitate the aluminum com- 
pletely and to dissolve the beryllium and uranium. This method of 
separation of aluminum and beryllium is a satisfactory one when, as 
in the present case, only a small amount of aluminum is present; a 
large quantity of aluminum, however, retains almost completely a small 
quantity of beryllium. The NaHCO, solution must not be boiled for 
a long time, because, owing to the escape of CO, and the formation of 
free NaOH, the solution becomes alkaline enough to dissolve some 
aluminum. The reason for the great solubility of beryllium hydroxide 
in concentrated NaHCO, solutions is not known. H.5S is passed in to 
remove the iron, since a small amount of it remains dissolved in the con- 
centrated NaHCO; solution. The filtrate is sometimes dark green even 
after repeated filtration owing to the presence of colloidal iron sulphide ; 
to precipitate this, add a small amount of a ferrous salt (say 2-4 mgm. 
Fe), shake, allow the mixture to stand several minutes, and then filter, 
passing more H,S into the filtrate to make sure that the iron has been 
all removed. 

2. The treatment with K,Fe(CN), described in *P. 58d¢ gives a 
satisfactory separation of beryllium from uranium (and vanadium) pro- 
vided the amount of beryllium in the solution does not exceed 20 mgm. 
When more beryllium is present a gelatinous precipitate separates ; on 
this account it is directed to use only a portion of the NH,OH precipi- 
tate when it is large, but even in this case a small amount of uranium 
can still be detected, owing to the delicacy of the ferrocyanide test. 
Vanadium, if present, owing to its having been precipitated as uranyl 
vanadate in the treatment with dilute NaHCO, (*P. 58a), remains with 
uranium and is precipitated as greenish yellow vanadyl ferrocyanide, but 
does not obscure the dark red color of the uranium precipitate. It is 
not necessary to provide for the detection of vanadium at this point, 
since a large quantity always dissolves in the NaHCO, treatment. 
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Procedure 61.— Transfer the Na,O, precipitate (P. 52) to a 
casserole, together with the filter if necessary, add 5-30 ccm. HCl 
(1.12), boil gently till the precipitate is dissolved, filter to remove the 
paper, and evaporate the filtrate to 1 or 2 ccm. To decompose the 
HCl, add about 5 ccm. HNO, (1.42), and boil as long as oxides of 
nitrogen are given off. Add 5-20 ccm. HNO, (1.42), heat to boil- 
ing, add about 0.5 gram of solid KC1O, and boil gently, adding more 
KCIO, in small portions if a large precipitate forms. (Dark brown or 
black precipitate, presence of MANGANESE.) Boil gently for a minute 
or two, and filter through an asbestos filter, made by pouring a sus- 
pension of washed asbestos over a compact wad of glass wool in a 
glass funnel. (See Note 4.) Heat the filtrate to boiling, add more 
KCI1Og, boil, and filter through the same filter if more of the precipi- 
tate separates. Wash two or three times with HNO, (1.42) which 
has previously been freed from the oxides of nitrogen by warming 
with a little KClO,. Evaporate the filtrate to about 5 ccm., but not 
further, dilute to 20 or 30 ccm., and filter the solution if it is turbid. 
(Precipitate, P. 62; filtrate, P. 63.) 


Votes. —1. HCl is used for dissolving the Na,O, precipitate rather 
than HNO;. Pure concentrated HNO, does not dissolve hydrated 
MnO, except in the presence of filter paper, whereby the HNO, is 
reduced to lower oxides; the action is more rapid with HCl (for the 
MnO, is thereby quickly reduced to manganous chloride with evolution 
of chlorine). 

2. By HCIO; in HNO, solution (but not by HNO, alone) manganous 
salts are rapidly oxidized to hydrated MnO, with formation of chlorine 
dioxide (ClO,), which escapes as a yellow gas. The HCl must pre- 
viously be completely removed by evaporation and boiling with HNO,, 
since the oxides of nitrogen resulting from its action on the HNO, would 
continuously dissolve the precipitate. 

3. The separation of manganese in this way from the other metals 
of this group is entirely satisfactory with the following exceptions. 
A small quantity of iron (up to 1 mgm.) may be completely carried 
down with a large quantity (500 mgm.) of manganese. The same is 
true in a much higher degree of titanium, of which even 50 mgm. may 
be entirely precipitated with 500 mgm. of manganese. Much zirconium 
is also carried down, but never quite completely. Provision is therefore 
made (in *P, 62a) for the detection of these three elements in the pre- 
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cipitate (if it is large) as well as in the filtrate. If it is not thought 
necessary to test for zirconium in the precipitate, the certain detection 
of titanium can be much more quickly accomplished just before precip- 
itating the manganese by diluting the HNO, solution, from which the 
HCl has been removed, with once or twice its volume of water, and 
adding 3 ccm. 3% H,O, solution. An orange-yellow or orange-red 
color shows the presence of titanium. (See *P. 654, N. 1.) In the 
absence of HCl iron does not interfere with this test; nor does even 
a large quantity of nickel or cobalt prevent a distinct change of color 
from being seen. 

4. In filtering the MnO, a cylindrical glass funnel with a small 
delivery tube is usually employed in quantitative analysis. An ordinary 
conical funnel is, however, satisfactory, provided the wad of glass wool 
is made compact and enough asbestos is used. Filtration will, to be 
sure, be slow if the glass wool is packed very tightly or if the asbestos 
mat is very thick, but in that case suction may be applied. 

5. On evaporating the HNO, filtrate titanium and zirconium oxides 
may separate out, especially if the solution be evaporated almost to dry- 
ness. For this reason the solution is evaporated only to about 5 ccm., 
but even then a small, white precipitate will sometimes be obtained when 
these elements are present in large amount. 


Procedure 62.— Transfer the whole of the HClO, precipitate 
(P. 61) if it is small (containing less than 5 mgm. Mn), or 5-10 mgm. 
of it if it is large, to a casserole; add 1 or 2 grams solid PbO,, and 
about 10 ccm. HNO, (1.20); boil for about 2 minutes in a casserole 
covered with a watch-glass; pour the mixture into a test tube, and 
allow the PbO, to settle. (Violet-red solution, presence of MANGANESE.) 

If the precipitate is large, dissolve the remainder in hot HCl (1.12) 
in a casserole, or by pouring a 10-15 ccm. portion repeatedly through 
the filter, and boil the solution to expel chlorine. To one-tenth of this 
solution add 5 ccm. KCNS solution. (Deep red color, presence of 
IRON.) Treat the remainder of the HCl solution by *P. 62a to recover 
any titanium and zirconium that may be present. 


Note. — This confirmatory test for manganese is usually superfluous, 
since the precipitation of MnO, by HClO, is highly characteristic. 
In order that the PbO, test may be satisfactory, the HNO, used must 
be fairly concentrated and the boiling continued for 2 or 3 minutes. 


*Procedure 62a.— To the HCl solution (P. 62), without evaporat- 
ing it, add NH,OH (0.96) until the mixture is barely alkaline, avoiding 
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the addition of more than 2 or 3 drops in excess; heat nearly to boiling 
for 2 or 3 minutes, filter at once, and wash with hot water. Reject 
the filtrate. Dissolve the precipitate in a little hot HCl (1.12) (with- 


out diluting it with water), reserve it, and unite it with the main HCl 
solution to be treated in *P. 65a. 


Note.—In order to avoid as far as possible the precipitation of 
manganese by NH,OH, the OH™ concentration is kept small by avoid- 
ing an excess of NH,OH and by having a large quantity of ammonium 
salt present. Under these conditions the oxidation by the air to the 
manganic state is slow. If, however, much NH,OH be added, oxida- 
tion takes place rapidly and much manganese may be precipitated as 
Mn(OH),, yielding a brown precipitate. Even at best a little manganese 
will come down, but a moderate amount does not interfere with the 
subsequent tests for titanium and zirconium. 


Procedure 63.— Add about one-tenth of the HNO, solution (P. 61) 
to three or four times its volume of ammonium molybdate reagent, and 
heat to 60—70°. (Yellow, finely crystalline precipitate, presence of PHos- 
PHATE.) If there is no precipitate, or only a very small one, treat the 
remainder of the HNO, solution by P. 64; otherwise by P. 65. 


Notes.—1. Phosphate is tested for at this point because a different 
treatment is necessary when it is present in significant amount, in order 
to separate from it alkaline-earth elements and to provide for their 
detection. When phosphate is not present, iron, thallium, titanium, 
and zirconium can be separated from nickel, cobalt, and the alkaline- 
earth elements by NH,OH (as in P. 64); but when considerable phos- 
phate is present the alkaline-earth elements would be partly or wholly 
precipitated in combination with it. (See P. 51, N. 6.) 

2. In order that the phosphate test may be delicate and may appear 
immediately, a large proportion of the molybdate reagent must be 
used and the solution must be warmed. The precipitate of ammonium 
phospho-molybdate is of complicated and somewhat variable composi- 
tion; it contains ammonium phosphate and molybdic acid, approximately 
in the proportion (N H,)sPO,.12MoOsg. 


Procedure 64.—If phosphate is absent, make the HNO, solution 
(P. 62) strongly alkaline with NH,OH (0.96), using an excess of 
3-5 ccm. (Dark red precipitate, presence of IRON.) Filter, and wash 
the precipitate, using suction if the precipitate is large, and sucking it 
as dry as possible. Treat the filtrate by P. 66. 
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Dissolve the precipitate in HCl (1.12), warming if necessary, taking 
care not to dilute the acid by wash water. To about one-tenth of the 
solution add 5 ccm. KCNS solution. (Dark red color, presence of 
IRON.) *Treat the remainder of the solution by *P. 65a. 


Notes.—1. If titanium and zirconium are to be tested for, it is 
important to dissolve the NH,OH precipitate in HCl of a specific 
gravity 1.12 (24% HCl) and to avoid dilution, for the separation in 
*P. 65a depends on the concentration of the HCl. 

2. The red color obtained on adding KCNS is due to the formation 
of un-ionized ferric sulphocyanate, Fe(CNS)3. This test may be made 
in the presence of much HCl; for the acid HCNS is also a highly 
dissociated acid, which is therefore not displaced from its salt. Much 
HNO, must not, however, be present; for by its action on KCNS, NO, 
may be formed, and this also gives a deep red color with KCNS. This 
test for iron is an extremely delicate one; and if only a faint color is 
obtained, the acids used in the process must be tested for iron. 


Procedure 65.— When phosphate is present, test one-tenth of the 
HNO, solution (P. 63) for iron, by evaporating it just to dryness, add- 
ing 1-2 ccm. HCl (1.20), evaporating again to decompose the HNO,, 
diluting to 5 or 10 ccm., and adding 5 ccm. KCNS solution. (Perma- 
nent red color, presence of IRoN.) To the remainder of the solution 
add NH,OH (0.96) until the precipitate formed by the last drop does 
not redissolve on shaking. If, owing to the addition of too much 
NH,OH, the solution becomes alkaline or a large precipitate separates, 
make it distinctly acid with acetic acid. Add 5 ccm. of a 50% solution 
of ammonium acetate, and, unless the mixture is already of a brownish 
red color, add 10% FeCl, solution, drop by drop, until such a color is 
produced. Add enough water to make the volume about 100 ccm., 
boil in a 250 ccm. flask for 5 minutes, adding more water if a very 
large precipitate separates, and let the mixture stand for a minute or 
two. Filter while still hot, and wash with hot water. Add 3-5 ccm. 
more ammonium acetate solution to the filtrate, boil it again, and col- 
lect on a separate filter any further precipitate. Make the filtrate 
alkaline with NH,OH, adding an excess of 2-3 ccm., filter off and 
wash any precipitate, uniting it with the main precipitate. (Filtrate, 
P. 66; precipitate, reject or dissolve in hot HCl (1.12), and treat by 
*P. 65a.) 


Notes.—1. With regard to the test for iron with KCNS and the 
necessity of removing the HNO,, see P. 64, N. 2. 
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2. This method of separation depends on the facts that, upon boil- 
ing an acetic acid solution containing much acetate, ferric iron and 
titanium are completely precipitated, and thallic thallium and zirconium 
nearly so, in the form of basic acetate or hydroxide; and that all the 
phosphate present combines with these elements when they are present 
in excess, and therefore it then passes completely into the precipitate, 
leaving the bivalent elements in solution. This behavior of the phos- 
phate is due to the fact that the solubility in acids of the phosphates 
of the trivalent and quadrivalent elements is much smaller than that of 
the phosphates of the bivalent elements. 

3. If upon adding the ammonium acetate the solution becomes of 
a reddish color, it shows that iron is present in quantity more than 
sufficient to combine with the phosphate; for a cold solution containing 
ferric acetate is of a deep red color. If, on the other hand, a colorless 
solution results (either with or without a precipitate), it shows that there 
is no excess of iron, and FeCl, is therefore added, which causes the 
precipitation of FePO, as a yellowish white precipitate. Upon boiling, 
the excess of iron separates completely as a dark red gelatinous pre- 
cipitate of basic ferric acetate, leaving the supernatant liquid colorless, 
except when nickel or cobalt is present. 

4. The solution is diluted to at least 100 ccm., owing to the large 
volume of the precipitate, and it must be heated in a capacious flask, 
owing to its tendency to boil over. 

*5. Zirconium may not be completely precipitated under the condi- 
tions of this procedure, 1-5 mgm. sometimes remaining in solution, 
especially when considerable acetic acid is present. ‘To ensure its 
complete separation, the filtrate is made alkaline with NH,OH. 

*6. The precipitation of thallium in this procedure is not quite 
complete, but there is no danger of losing even o.5 mgm. when iron 
is also present, as is always the case. 


*Procedure 65a.— To the HCl solution (P. 64 or 65, and *62a), 
which should be of a specific gravity of 1.11 to 1.12, add 10-20 ccm. 
more HCl (1.12), transfer the (cold) solution to a separating funnel, 
add an equal volume of ether, shake vigorously several times (preferably 
after inverting the funnel and opening the cock), and then allow the 
two layers to separate. Draw off the layers separately, and rinse out 
the funnel with a little ether. Return the aqueous layer to the funnel 
and treat it with ether as. before; if necessary, repeat this treatment 
once or twice until the ether layer remains colorless. (Water solution, 
*P. 654; first ether solution, *P. 65¢; remaining ether solutions, 
reject.) 
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Notes.—1. If the directions are followed, 97-99% of the FeCl, 
present passes into the ether layer in each extraction. It is evident 
from this statement that, even when 500 mgm. of iron are present, 
substantially all of it will be removed in three extractions. But it is 
important that the concentration of the HCl solution in contact with 
the ether layer lie within the narrow limits of 20-22% HCl, correspond- 
ing to a specific gravity of 1.10 to 1.11 at 15°. This concentration is 
realized in the procedure, even though a little stronger acid is used; 
for some of the HCl passes into the ether layer. The extraction of 
the FeCl, is less complete both with stronger and weaker HCI solu- 
tions; thus with HCl containing initially either 18 or 25% about 94% 
of the FeCl, passes into the ether layer; while with 8% HCl only 
4-5% of the FeCl, is extracted in each shaking. Almost all the 
thallium, which is present as TICl;, also passes into the first ether 
extract. 

2. The following are probably the principles involved in this ether 
extraction. Since iron passes into the ether layer only in the form of 
FeCl,, the quantity of it extracted by the ether increases, in accordance 
with the distribution law, the larger the proportion of un-ionized anhy- 
drous FeCl, in the water layer. This proportion is, however, increased 
by increasing the concentration of HCl, both in virtue of the reduction 
of the ionization by the common-ion effect, and of the reduction of the 
hydrolysis of the ferric salt by the free acid. It is doubtless true that 
the strong acid has also a dehydrating effect, thereby increasing the 
anhydrous FeCl, in the water layer. As the HCl becomes very con- 
centrated, however, another effect, opposite in character, comes into 
play; namely, ether dissolves in large quantities in the aqueous layer, 
and HCl and water dissolve in large quantity in the ether layer, thus 
making the two layers more nearly alike, and doubtless decreasing the 
distribution-ratio for the FeCl, between the ether and water layers. 
With respect to this explanation, it should be added that it is uncertain 
to what extent complex acids (HFeC\,, etc.) may be involved. 

3- Since the color of the ether layer is a sensitive indication of iron, 
the treatment with ether may be discontinued as soon as a nearly color- 
less ether extract is obtained. When titanium is present the water layer 
may remain distinctly yellow, owing to the presence of hydrogen per- 
oxide as impurity in the ether; such a color does not, therefore, show 
that iron is still present. 

4. Titanium and zirconium remain completely in the water layer. 
When much zirconium is present some of it may be precipitated out 
as chloride; but this remains suspended in the water layer. 

5. Phosphoric acid does not interfere with this separation, and the 
iron can therefore be extracted even after the basic acetate procedure. 
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*Procedure 65b.— Heat the HCl solution (*P. 65a) on a water 
bath until the ether is expelled, add 1 ccm. H,SO, (1.20), evaporate 
almost to dryness until the H,SO, begins to fume, adding 1 ccm. more 
H,SO, (1.20) if the residue is solid. If the residue is dark-colored, 
owing to organic matter, add a few drops HNO, (1.42), and evaporate 
again until the H,SO, begins to fume. Cool, add 5 ccm. water, 10 ccm. 
3% H,O, solution, and then 10 ccm. 10% Na,HPQ,12H,O solution. 
(Orange-yellow to orange-red solution, presence of TITANIUM; white 
flocculent precipitate, presence of zIRCONIUM.) Let the mixture stand 
for at least an hour, filter, and wash the precipitate. (Filtrate, if 
colored, *P. 65c; precipitate, N. 3.) 


Notes. —1. By the ‘addition of H,O, titanium is converted into a 
sulphate corresponding to the higher oxide, TiO;, the red color being 
due to the cathion. This color test is an extremely delicate one, even 
o.1 mgm. Ti imparting a distinct yellow color to the solution. 

2. By the Na,HPOQ,, zirconium is precipitated as a basic phosphate, 
Zr(OH)PQ,. Its precipitation is slow; but if nothing has separated after 
half an hour it is safe to conclude that less than 0.5 mgm. zirconium 
is present, provided care has been taken not to use more H,SQ, than is 
directed in the procedure. If the titanium had not been oxidized by 
the addition of H,O,, it would also give an entirely similar precipitate 
of Ti(OH)PO,; but from a solution containing H,O, in excess, when 
titanium is alone present, none of it separates even on standing several 
hours. When zirconium and titanium are present together, a small 
proportion of the titanium is carried down with the zirconium and the 
phosphate precipitate may then have a distinct yellow color. 

3. Some of the rare-earth elements, such as thorium, may also be 
precipitated as phosphate at this point, if these elements have not been 
proved absent or removed in *P. 52a. In such a case the presence 
of zirconium may be proved by pouring a portion of dilute HF several 
times through the filter (supported in a celluloid funnel or a platinum 
ring), evaporating with H,SO, in a platinum dish, diluting, and adding 
NH,OH. The rare-earth phosphates would be left undissolved by 
the HF. 

4. Besides titanium and zirconium, the solution from *P. 65¢ will 
sometimes contain uranium, manganese, and cobalt (carried down in 
the precipitates in P. 52, *P. 62a, and P. 64, respectively); but not 
in sufficient amount to interfere with the zirconium and titanium tests. 
The only other element of the aluminum and iron groups that gives 
a similar color with H.O, in acid solution is vanadium; but this, aside 
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from the fact that it should not be present, would give no precipitate 
with Na,HPQ, (not even on the addition of Na,SO, in *P. 65). 


*Procedure 65c.— To the H,O, solution (*P. 654), if colored, add 
powdered Na,SQs, little by little, until the solution is decolorized, and 
let the mixture stand 20 or 30 minutes. (White flocculent precipitate, 
presence of TITANIUM.) 


Note.— This test serves to confirm the presence of titanium and to 
enable the quaatity of it to be better estimated. H,O, and the sexiv- 
alent titanium compound are rapidly reduced by the action of H.SO,, 
even in the cold, and titanium then precipitates as Ti(OH)PO,. As in 
the case of zirconium, the precipitation takes place slowly. When there 
is only a faint color with H.O., no precipitate will be obtained; but 
0.5 mgm. of titanium is easily detected if the concentration of the 
sulphuric acid does not exceed 1 ccm. H,SO, (1.20) in 25 ccm. solution. 


*Procedure 65d. — Evaporate the first ether extract (*P. 65a) in 
a casserole, and dissolve the residue in 3-5 ccm. H,SQ, (1.20) and 
3-5 ccm. water. To the cold solution in a test tube add 2-3 ccm. 
1% KI solution and powdered Na,SQ,, a little at a time, until the 
iodine color has permanently disappeared. (Yellow precipitate, pres- 
ence of THALLIUM.) Filter, using preferably a hardened filter when 
the precipitate is small. Collect a little of the precipitate on a clean 
platinum wire and introduce the wire into a colorless gas flame. 
(Momentary green flame, presence of THALLIUM.) 


Notes. —1. The precipitation of thallium as TII is practically com- 
plete, provided that the volume of the solution is small, say less than 
15 ccm. The presence of iron does not prevent a good blank being 
obtained, nor does its presence in large quantity (500 mgm.) prevent 
the detection of o.5 mgm. of thallium. TII is readily oxidized to the 
soluble TII, by iodine; therefore an excess of sulphite must be present. 

2. Any quantity of thallium in excess of 10-15 mgm. is precipitated 
in P. 11, except when the solution there treated with HCl contains the 
thallium in the thallic state. 

3. The green flame test is very delicate and characteristic, but on 
account of the volatility of the thallium compound the green color is 
seen only at the moment in which the wire is introduced into the flame. 
A hardened filter is recommended when the precipitate is small, because 
the precipitate can be more readily collected on the wire on account 
of the smooth surface of the filter. 
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Procedure 66.— Into the ammoniacal solution (P. 64 or P. 65) 
pass H,S gas until the mixture after shaking blackens lead acetate 
paper held above it. (Black precipitate, presence of NICKEL Or COBALT.) — 
Filter, and wash the precipitate with water containing a very little 
(NH,),S. (Precipitate, P. 67; filtrate, P. 81.) 


Votes. —1. In precipitating NiS, the use of H,S has the advantage 
that the nickel is all thrown down at once, while with (NH,).S some 
of it usually remains in the solution, giving it a dark brown color. 
If found more convenient, (NH,).S can of course be used, the filtrate 
being boiled to throw down the unprecipitated nickel, as described 
in P. 51. 

2. The filtrate is in general tested for the alkaline-earth elements ; 
for these may be precipitated with the aluminum and iron groups when 
phosphate or certain other acid radicals are present, as discussed in 
P. 51, N. 6 and 7. 


Procedure 67.— Transfer the H,S precipitate (P. 66) with the 
filter to a casserole, and add 10-30 ccm. of a cold mixture of 1 volume 
HC] (1.12) and 5 volumes of water. Digest in the cold for 5 minutes, 
stirring the mixture frequently, and filter. Treat the residue by P. 68. 

Boil the HCl solution until the H,S is completely expelled, add 
10% NaOH solution until the mixture is slightly alkaline, transfer to 
a casserole, cool, and add 0.5-1 gram Na,O,, a small portion at a time. 
Boil for several minutes to decompose the excess of Na,O, and cool 
the mixture; filter off the precipitate, and treat it by P. 68, uniting 
it with the residue already obtained in the HCl treatment. Make the 
solution acid with acetic acid, warm it to about 60°, and pass in H,S 
for 2 or 3 minutes. (White flocculent precipitate, presence of ZINC.) 
Apply to the precipitate the confirmatory test as described in P. 57. 


Notes.—1. This treatment with dilute HCl serves to extract almost 
completely the zinc which may be present in this precipitate, owing to 
its having been carried down in the Na,O, precipitate as described in 
P. 52, N. 11. A small proportion of the nickel and cobalt present 
(5-20%) always dissolves in the dilute HCl, and the subsequent treat- 
ment with Na,O, serves to separate them from the zinc. This separa- 
tion is satisfactory when, as in this case, the nickel and cobalt are 
present in such small quantity that only an insignificant amount of 
zinc is carried down with them. When, therefore, the H.S precipitate 
is small, it may, instead of being treated with dilute HCl, be dissolved 
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at once in agua regia and the solution treated directly as described in 
the last paragraph of the procedure. 

2. This procedure must always be followed in order to determine 
whether or not zinc is present in the substance, except in the case that 
a satisfactory test for it has already been obtained in P. 57, or in the 
case that the original Na,O, precipitate (P. 52) was small. 


Procedure 68.— Transfer the residue insoluble in dilute HCl, and 
the Na,O, precipitate (P. 67), with the filters to a casserole, add 
5-15 ccm. HCl (1.12) and a few drops HNO, (1.42), warm until the 
black precipitate is dissolved, and filter off the paper. Evaporate the 
solution nearly to dryness to expel most of the acid, add about 5 ccm. 
water, and then NaOH solution, drop by drop, until the mixture is 
neutral, or until a permanent precipitate just forms. Test one-half of 
this mixture for cobalt by P. 69, and the remainder for nickel by P. 70. 


Procedure 69.—To one-half of the neutral solution (P. 68) add 
15 ccm. 30% acetic acid, and then 50 ccm. 30% KNO, solution; dilute 
to 100 ccm., and allow the mixture to stand at least half an hour if no 
precipitate forms sooner. (Yellow, finely divided precipitate, presence 
of coBaALT.) Filter, and wash with KNO, solution. If the precipitate 
is very small, incinerate the filter. Introduce a portion of the precipi- 
tate, or of the ash, into a borax bead made in the loop of a platinum 
wire, and heat strongly, adding more of the precipitate or ash if no 
color is obtained. (Deep blue color, presence of COBALT.) 


Notes. —1. The yellow precipitate is potassium cobalti-nitrite, 
K;Co(NO,)., which in solution dissociates into K* and the complex 
anion Co(NO,),.-. The precipitate is somewhat soluble in water, but 
very difficultly soluble in a concentrated KNO, solution, owing to the 
common-ion effect of the potassium-ion. In the formation of this sub- 
stance the cobaltous salt is oxidized to the cobaltic state by the nitrous 
acid displaced from its salt by the acetic acid, the cobaltic salt com- 
bining as fast as formed with the potassium nitrite, according to the 
equations : 


Cot *(NO.7)2 — 2HNO, — Co* **(NO,7)s > H,O aan NO and 
Cot+*(NO.>)s + 3K*NO,- = K,Co(NO,).. 


2. The formation of the KsCo(NO,), precipitate takes place slowly, 
but even when very little cobalt is present (o.1-0.2 mgm.) a distinct 
test is obtained within 10 minutes; but the complete precipitation of 
a large amount of cobalt requires several hours, so that the method is 
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ill adapted for the removal of cobalt before testing for nickel. More- 
over, when nickel is present, some of it is carried down with the cobalt, 
and this is true even when the total amount of nickel is small. For 
these reasons the test for nickel is made in a separate portion. 

3. Nickelous salts are not oxidized by nitrous acid, and are not 
precipitated by KNO, except in a very concentrated solution, when 
a dark yellow to dark red precipitate of potassium nickelous nitrite, 
K,Ni(NO,.),, may separate. By making the volume large, as directed 
in the procedure, there is no danger of the precipitation of nickel. 


Procedure 70. To the remainder of the neutral solution (P. 68) 
add 10% KCN solution, a few drops at a time, until all or nearly all of 
any precipitate that may form at first redissolves; then add 0.5—3 ccm. 
more (according to the amount of the KCN precipitate). Heat to 50 
or 60° in an open casserole, with frequent stirring, for 5 minutes, or 
longer if the solution has not become light-colored. Filter off and 
reject any small precipitate that may remain. To the filtrate, preferably 
in a test tube, add freshly prepared, concentrated NaBrO solution (see 
N. 3) until a piece of filter paper moistened with KI and starch 
solutions, when dipped into the solution, is colored blue or brown. 
Allow the mixture to stand 5-10 minutes, and filter. (Brown to black 
precipitate, presence of NICKEL.) 

Wash the precipitate; dissolve it, or a small portion of it if it is 
large, in 2-3 ccm. HNO, (1.20); add 3-5 ccm. 10% tartaric acid 
solution, neutralize with 10% NaOH solution, and add 3 or 4 ccm. in 
excess. Pass in H,S for about 1 minute, filter out any precipitate that 
may form, and saturate the filtrate with H,S. Filter again if there is 
a precipitate. (Brown coloration, presence of NICKEL.) 


NVotes.—1. The reactions involved in the first test for nickel are as 
follows: When a little KCN is added to the neutral solution, precipitates 
of (green) Ni(CN), and (dark brown) Co(CN), result, except when only 
small amounts of these elements are present. The addition of more 
KCN causes the precipitate to dissolve, owing to the formation of soluble 
complex cyanides, as K,*[Ni(CN),|= and K,*[Co(CN),]==. The com- 
plex nickel salt is stable in the air, but that of cobalt salt is very readily 
oxidized according to the equation : 


2K,*[Co(CN),]== + O + H,O = 2K,*[Co(CN),]* + 2KtOH-. 
{Potassium (Potassium 
cobalto-cyanide.) cobalti-cyanide.) 
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The first action of the NaBrO is to decompose the excess of KCN, 
chiefly with formation of KCNO. It then oxidizes the nickel to the 
nickelic state, which is then immediately precipitated as brownish black 
Ni(OH), by the NaOH present. The cobalt, though already in the 
cobaltic state, is not precipitated as Co(OH)s, because the complex 
ion, [Co(CN),]*, is so slightly ionized into its constituent-ions (Cot** 
and 6CN~) that the concentration of the Co*** does not suffice to pro- 
duce with the OH™ present the solubility-product for the Co(OH),s, and 
that of the CN~ is so small that it is only very slowly oxidized by the 
NaBrO. 

2. In executing this procedure the following precautions should be 
observed: A very large excess of the strong KCN solution over that 
required to redissolve the precipitate should not be added, for the excess 
must be destroyed by the NaBrO before the nickel can be oxidized and 
precipitated by it. Yet there must be sufficient KCN added, not only 
to combine with all the cobalt, but to furnish a moderate excess in order 
that the oxidation to the cobalti-cyanide may take place rapidly. Care 
must also be taken to heat the solution long enough in the air to com- 
plete this oxidation before the NaBrO is added; for otherwise the latter 
reagent after destroying the free KCN will oxidize the decomposable 
cobalto-cyanide with precipitation of Co(OH);, just as it does the 
nickelo-cyanide. The completion of the oxidation by the air is indi- 
cated by the disappearance of the dark color in the solution. Finally, 
one must make sure (by applying the iodide-starch test) that an excess 
of NaBrO over that required to oxidize both the cyanide and the nickel 
has been added. If these precautions are observed, there is no diffi- 
culty in securing a precipitate with o.2 mgm. of nickel nor in causing 
300 mgm. of cobalt to remain entirely in solution. 

3. The hypobromite reagent is prepared by adding liquid bromine 
to a known volume of 10% NaOH solution until the solution becomes 
distinctly red, owing to the presence of excess of bromine; and then 
adding half as much more NaOH solution. This solution may be 
filtered through a hardened filter. It decomposes fairly rapidly, with 
formation of bromate and bromide, and also with evolution of oxygen, 
and should therefore not be used when more than a few days old. 
Instead of this reagent, bromine water and NaOH solution may of 
course be used. The concentrated hypobromite solution is recom- 
mended because a much smaller volume of it is required to decompose 
the large excess of cyanide used in the procedure. 

4. When an alkaline tartrate solution containing a small amount of 
nickel (even o.1-o.2 mgm. in 20 ccm.) is saturated with H,S a clear 
brown solution is obtained. With somewhat larger amounts of nickel 
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(10-20 mgm.) the liquid is opaque, but runs through a filter very 
readily. The condition of the nickel in this solution is not known. 
The presence of the tartrate serves merely to prevent the precipitation 
of Ni(OH), by the NaOH solution, owing to the formation of a complex 
salt containing the nickel in the anion. The brown color does not 
appear until the alkaline solution is nearly saturated with H,S, so that 
care must be taken to use an excess of H.S. 4 

5. This confirmatory test for nickel is not interfered with by moder~ 
ate amounts of other elements of this group, such as cobalt and iron 
(which, however, should not be present at this point), for on leading: 
H.S into an alkaline tartrate solution containing these elements, they 
are completely precipitated as sulphides and may be filtered off, yield- 
ing a filtrate which in the absence of nickel remains clear when saturated 
with H,S, or becomes dark brown when it is present in even small 
amounts. , 


Test ANALYSES 


Numerous analyses were made to test the efficiency of the process 
described above. Nearly all of those which were made after the pro- 
cedure assumed final form are reproduced in the tables below. Almost 
all the analyses relating to the common elements alone were made 
before the procedures for the rare elements had been worked out, but 
the process for the analysis of mixtures containing only the common 
elements was at that time substantially the same as given above. In 
these tables the numbers in each vertical column show the weights 
in milligrams of the various elements which the solution submitted to 
analysis contained. The results of the tests for each element are 
shown by the letters following these numbers. That the result was 
satisfactory is indicated by the letter S; that is, when the element was 
present, that the test for it, however small, was unmistakable, and 
therefore conclusive ; and when the element was absent, that a good 
blank test was obtained. When the test was very small, especially 
in comparison to the quantity of the element present, though still 
unmistakable, this is sometimes indicated by the symbol S—. When 
in the presence of the element the test failed, or in its absence a result 
was obtained that might be thought. to indicate its presence, the letter 
F is used. When the result was doubtful or inconclusive, owing to the 
appearance or small size of the precipitate, this is indicated by the let- 
ter D. When the test was not tried, if the element was present, a dash 
is used in place of a letter; or, if the element was not present, dots 
are inserted. 
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Common Elements 


The following analyses (Nos. 114-119) were begun at P. 51; P. 61 
was introduced before P. 52. 
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Analyses 120-125 were begun at P. 61. 
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The following analyses (Nos. 131-143) were begun at P. 52. 

T. A. No. 131 132 133 134 135 136 
Ms: 44 ae 0 s2 0 s2 0 Ss? | 0 S2 0 Ss? 0 s2 
Wa caden 2S 1 Ss 0 Ss 0s 1 Ss 

jin P. 57 F F F s—5 F S 
Zn 2} 4 10 20} 5 0 

lin P. 67 s s s s s S 
Mn .| 500 S | 500 S | 500 S | 500 S 0s ss 
Fe sot OS 0s 0s 0s 500 S | 500 S 
errr oe oe 0s 0s 0S 0s 2s 
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The following analyses (Nos. 144-155) were begun at P. 52; P. 61 


was omitted. 
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Mixtures Containing the Rarer Elements 
Analyses 156-161 were begun at *P. 58a. 
T. A. No, 156 157 158 | 159 160 161 

Os ae <a eae 0S 0S 2S | isu; .. 
D 4. @ueene es ° 100 S 0S 100 S | 100s 100 S 1S 
reer ore 0s | 100s | 100— | 10— | 18 | 1008 

Analyses 162-165 were begun at *P. 58/. 

T. A. No. 162 163 164 165 
eee ee 500 S 500 S 1S 1S 
WM. i 55 Hee OS 292 0S 100 S 

Analyses 166-170 were begun at *P. 58a. 

T. A. No. 166 167 168 1682 169 170 
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Analyses 171-176 were begun at P. 64; analysis 176 at P. 52. 
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The following analyses (Nos. 177-181) were made by Mr. R. D. 
Gale, who had had no previous experience in connection with the 
process. The first analysis was with a known mixture, the remaining 
four were with unknowns. Mr. Gale received no assistance while mak- 
ing an analysis (except in T. A. No. 179), but all the precipitates and 
solutions were preserved in order that the causes of mistakes might 
afterwards be investigated. The process was practically in its final 
form with exception of the procedures relating to the separation of 
chromium, urahium, and vanadium (*P. 584 to ¢), which were revised 
on account of the results of these analyses; moreover, uranium was 
not tested for in *P. 58%. Test Analyses 156-161 were made at a 
later date to test these procedures in their final form. 
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NOTES 


1 The presence of aluminum in the reagents made the result doubtful. 

2A distinct precipitate of Al(OH)s was obtained in P. 53, but not more than with the 
reagents alone. 

3 Excess of HCl was added in P. 53 and the solution boiled, as a result of which the 
chromic acid was reduced. On analyzing another mixture, and using HNOs, a satisfactory 
test for chromium was obtained. 

4The absence of manganese was confirmed by fusing some of the iron salt on platinum 
foil with NagCOs and KNOsg: no green color was obtained. 

5 A small precipitate of ZnS was obtained in P. 57, which did not contain more than 
1mgm. Zn. See C. E., P. 52, N. 11. 

6 A small precipitate of ZnS was obtained in P. 57, corresponding to 2 or 3 mgm. Zn. 

7In this analysis a large excess of alkali was added before the NagOz in P. 52, and the 
mixture was well stirred. 

8 This analysis was repeated, except that the acid solution in P. 52 was poured slowly 
into an excess of hot alkali before adding NagOz: a distinct test for zinc was then obtained 
in P. 57. . 
9A distinct test for calcium was obtained (except possibly in T. A. No. 148); the iron 
salt was found to contain about 2 mgm. Ca with 500 mgm. Fe. 

10 This analysis was repeated, except that no NagCOg was added in P. 52: the test for 
chromium failed. 

11 See C. E., *P. 584, N. 2. 

12The precipitate of Be(OH), obtained in *P. 584 was large and corresponded to 
2 mgm. Be, thus showing that much smaller amounts could be easily detected. 

18 The basic acetate procedure (P. 65) was used instead of P. 64: good tests for thal- 
lium were obtained both in the precipitate and in the filtrate. Compare C. E., P. 65, N. 6. 

14 Chromium was lost in *P. 58a, owing to the presence of H2Oz (from the peruranate, 
see C. E., P. 52, N. 6 and *P. 584, N. 2) and the addition of a large excess of acid. 

15 A slight blue coloration was obtained with H2O¢ in *P. 584, corresponding to not 
more than 0.5 mgm. Cr. No lead nitrate was added. 

16 The directions in *P. 58c were faulty; too little phosphate was added to precipitate 
I mgm. U. : 

17 A good test for aluminum was obtained in *P. 58g, but the confirmatory test (P. 54) 
failed. 

18 The test for iron in P. 65 was a failure; the iron was found with the manganese 
in 'P.6x 

19 Satisfactory tests for iron were obtained in P. 62 and in P. 64. 

20 (NH4)eS was used instead of H2S in precipitating the sulphides in P. 66, and some 
nickel was lost in the brown solution. Nickel and cobalt were also lost in P. 67 in the 
treatment with dilute HCl, owing to the rejection of the NagQOg¢ precipitate. 

21 Only a few milligrams of vanadium were found in filtrate from P. 51. 

22 About twice as much zinc was found in P. 57 as in P. 67. 

28 Owing to the insolubility of Zr(OH)PO, it is scarcely possible for zirconium and 
phosphate to occur together in the analysis of the aluminum and iron groups. The 
zirconium was undoubtedly lost in dissolving the precipitates obtained in P. 52-65. 


Although all possible combinations of small and large quantities of 
the elements have not been investigated, the test analyses are suffi- 
ciently varied to justify general conclusions as to the reliability of the 
method of separation and detection of the elements. 
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An examination of these analyses shows that I mgm. of any of the 
seven common elements in various combinations with one another and 
in the presence of the rarer elements was detected in almost all cases, 
even when the element was associated with a large quantity of other 
elements. Zinc frequently escaped detection in the analysis of the 
aluminum group (in P. 57), but was then always found in the analysis 
of the iron group (in P. 67) when tested for. (See T. A. 131-153, 
178, 180.) One mgm. is, however, near the limit of detectability when 
the elements of the iron group are present in large quantity. Two mgm. 
of chromium were lost in two cases (T. A. 118, 181), owing to the 
reduction of the chromate; these analyses served to emphasize the 
necessity of added precautions, which have since been provided for in 
the directions. One mgm. of iron in the presence of a large quantity 
of manganese would have been overlooked (in T. A. 180) if it had not 
been tested for in the solution of the chloric acid precipitate, as directed 
in P. 62. In the case of aluminum, owing to its being contained in the 
reagents, it was sometimes difficult (see T. A. 116, 117, 119, 131-136, 
144-149) to determine with certainty whether or not 1 mgm. was 
present. 

It will be seen from T. A. 142-151 and 180 that the presence of 
much phosphate does not interfere with the detection of 1 mgm. of any 
of the common elements of these groups. It does, however, cause a 
larger quantity of zinc to be completely precipitated by sodium peroxide. 
(Compare T. A. 141 with 142 and 143.) It is shown by T. A. 144-146, 
150, 151, and 180 that 2 mgm. of barium and 1 mgm. of magnesium 
are detected in the process, showing that adequate provision is made 
for the recovery of the alkaline-earth elements when carried down with 
these groups through the presence of phosphate. 

The analyses with the rarer elements (T. A. 156-181) show that 
the process led to the detection of 1 mgm. of each of these, and even 
of % mgm. of beryllium and titanium, in all cases except the following : 
In T. A. 180 zirconium was missed, owing to the simultaneous presence 
of much phosphate; but, even in the absence of phosphate, 1 mgm. is 
not far from the limit of detectability in a complete analysis. In T. A. 
166, 168, 170, and 178 uranium was missed-in the usual place (in 
*P. 58c and @), owing to the fact that it was carried down with alumi- 
num or beryllium in the treatment with dilute NaHCO, (*P. 58a); but 
T. A. 168a@ and 170 and a number of special experiments with mixtures 
of beryllium and uranium show that in such cases uranium can be 
detected in *P. 58x. 
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G. D., § 1: Precipitation of Zinc with Chromium on Adding NH,OH.— 
1o mgm. Zn as ZnCl, and 100 mgm. Cr as KCr(SO,), were dissolved in 
4 ccm. HCl (1.12) and 96 ccm. water; 10 ccm. NH,OH (0.96) were added, 
a little at a time, to the cold mixture (giving an excess of about 3 ccm. 
NH,OH) ; after 3 or 4 minutes the precipitate was filtered off; the filtrate, 
which had a very faint pink color, was heated to boiling; and the precip- 
itate that separated (estimated to contain 2 or 3 mgm. Cr) was filtered 
off. H,S was finally passed into the alkaline filtrate; no precipitate 
separated, thus showing that the zinc had been completely carried down 
with the Cr(OH),. The precipitates were united and dissolved in HCl, 
and the solution treated by P. 52 to 57: the zinc was precipitated as ZnS 
i F. e. 

For the preparation and properties of ZnCr,O,, see Chancel, Compt. rend., 
43, 927 (1856); Viard, Bull. de la soc. chim. (3), 2, 331 (1889). 

Action of NH,OH and (NH,),S on Nickel Solutions, and Precipitation 
of NiS on Boiling the Brown Solution.—See C. E., P. 51, N. 12. , 

Test for Vanadium with H,S.—See C. E., P. 51a, N. 1. 

Slow Reduction of Vanadic Acid to Hypovanadic Acid by H,S.—50 mgm. 
V as Na,VO, were dissolved in 4 ccm. HCl and 100 ccm. water; the 
mixture was saturated with H,S in the cold. After about 10 minutes 
the mixture was filtered several times to remove the sulphur that had 
separated, and the blue filtrate was heated to boiling: a large precipitate 
of sulphur separated, showing that reduction was more rapid at higher 
temperatures. The mixture was filtered and the hot filtrate again satu- 
rated with H,S: a large precipitate of sulphur separated. After 10 minutes 
the mixture was boiled, filtered, and again saturated with H,S, showing 
that the reduction was still incomplete. The treatment of the hot solution 
with H,S was repeated, the sulphur filtered off, the mixture was boiled 
in a casserole to expel H,S, and 1 gram KI was added: no iodine was 
liberated, showing that the reduction to hypovanadic acid was complete. 
—The first experiments were repeated with 3 ccm. HNO, (1.20) in 100 cem.: 
the results were the same. 

Reduction of Vanadic Acid to Hypovanadic Acid by HCl (1.20).—See 
Gooch and Curtis, Am. J. Sci. (4), 17, 41 (1904).—The reaction is slow 
in the cold, but rapid on heating. When a moderate amount of vanadium 
is present, the reduction is not absolutely complete unless a more concen- 
trated HCl solution is used than that obtained on evaporating. Compare 
C. EP. ae Bs 

Action of NH,OH on a Hypovanadate.—100 mgm. V as Na,VO, were 
treated with H,S by P. 21 to reduce it to the hypovanadic state; the 
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solution was evaporated to about 40 ccm. and made alkaline with NH,OH: 
a dirty gray precipitate separated.—50 mgm. V as Na,VO, were boiled 
with HCl (1.20) to reduce the vanadium; the mixture was diluted to 
100 ccm. and made alkaline with NH,OH: a small gray precipitate, with 
a greenish shade, separated. Several ccm. NH,OH were added: the 
precipitate dissolved. 

Precipitation of Vanadium in P. 51 or by Ammonium Hydroxide alone 
when Iron or Zinc is Present.—500 mgm. Fe as FeSO, and 100 mgm. V 
as Na,VO, were treated with H,S by P. 21, evaporated to 40 ccm. and 
treated by P. 51; the filtrate was tested for vanadium by *P. 51a: less 
than 1 mgm. V was found.—The experiment was repeated with 500 mgm. 
Fe and 10 mgm. V: no vanadium was found in the filtrate. 

500 mgm. Fe as FeCl, and 100 mgm. V as Na,VO, were dissolved in 
40 ccm. containing 4 ccm. HCl (1.12); the solution was made alkaline 
with NH,OH, and (without adding (NH,),S) the mixture was filtered; 
the filtrate was tested for vanadium by *P. 51a: only a trace of vana- 
dium was found.—The experiment was repeated with 500 mgm. Fe as 
FeSO, and 100 mgm. V as Na,VO,: the mixture was allowed to stand 
and shaken frequently in order that the iron might be completely precipi- 
tated: no vanadium was found in the filtrate. 50 mgm. Fe as FeCl, and 
15 mgm. V as hypovanadic acid and several grams NH,Cl were dissolved 
in a littlke HCl and 100 ccm. water; the solution was made alkaline with 
NH,OH, and the filtrate was evaporated to dryness, ignited, dissolved in a 
little HCl and tested for vanadium by *P. 51a: only a trace of vanadium 
was found. Therefore, vanadium is almost completely carried down when a 
three to fivefold excess of iron is present. 

300 mgm. Zn as ZnCl, and 10 mgm. V as H,VO, were treated with H,S 
by P. 21, evaporated to 30 ccm. and treated by P. 51; the filtrate was tested 
for vanadium by *P. 51a: 3 or 4 mgm. V were found. The ZnS precipitate 
was analyzed by the regular procedure: the remainder of the vanadium was. 
found. 

Reduction of Vanadic Acid by HI and its Subsequent Behavior with 
the Group Reagents.—According to Gooch and Curtis (Am. J. Sci. [4] 17, 
45. 1904), the first stage of the reduction, that to V,O,, takes place rapidly 
in a dilute HI solution, but the second stage, that to V,O,, takes place slowly 
and only in hot concentrated solutions. When a mixture containing 60 mgm. 
V.O,, 1 gram KI and an excess of HCl was evaporated to 2 ccm., about 
97% of the vanadium was reduced to a salt corresponding to V,O,. 

In our experiments I mgm. V as Na,VO, was dissolved in 15 ccm. HCl 
(1.20) in a 50 ccm. round-bottomed flask; 1 gram NH,I was added, and the 
mixture was evaporated carefully to 2 or 3 ccm.; a capillary ebullator tube 
being used to prevent bumping. The mixture was diluted with Io ccm. 
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water, and NH,OH (0.96) was added until the solution after shaking 
smelled distinctly of it: a dark green precipitate formed. A few drops of 
colorless ammonium sulphide were added: the precipitate did not dissolve. 
It was filtered off and dissolved in a little HNO,; a large excess (5 to Io 
ccm.) of NH,OH (0.90) was added and the mixture saturated with H,S: 
the solution became red, showing the presence of vanadium. The filtrate 
from the NH,OH precipitate was tested for vanadium in the same way: 
only a very small amount was found.—The experiment was repeated, except 
that the evaporated mixture was diluted to 20 ccm.: more vanadium was 
found in the filtrate than in the precipitate. —The experiment was repeated, 
the mixture being diluted to 40 ccm.: all the vanadium was found in the 
filtrate. 

The experiment was repeated several times with 100 mgm. V, the mixture 
being diluted to 20 ccm. after the evaporation: on adding NH,OH a dark 
brown precipitate separated, but it dissolved completely or in large part 
on adding a few drops of colorless (NH,).S. 

The experiment was repeated with 50 mgm. V; after the first evaporation 
15 ccm. HCl (1.20) and 1 gram NH,I were added, and the evaporation 
repeated; the mixture was diluted to 50 ccm.: a large, dark greenish-colored 
precipitate separated on the addition of NH,OH, and it did not dissolve on 
adding several drops (NH,).S. The filtrate was evaporated nearly to dry- 
ness; an excess of 5 ccm. NH,OH (0.90) was added, and the mixture 
saturated with H,S: not more than 0.5 mgm. V was found in the filtrate. 
The last experiment was repeated with 5 and with 10 mgm. V: in the 
experiment with 5 mgm. only a very slight precipitate was obtained on 
adding NH,OH, and it quickly redissolved. With 10 mgm. a precipitate 
was obtained, but about half the vanadium was found in the filtrate. 
Therefore in a volume of 50 ccm. the precipitation is fairly satisfactory 
for large amounts of vanadium but not for small amounts. The above 
results were not perfectly reproducible, but each of them was obtained 
several times. 

A number of attempts were made to reduce 50 to 100 mgm. V as 
Na,VO, by evaporating as described above with 10 to I5 ccm. pure con- 
centrated HI, and to precipitate the vanadium with NH,OH after diluting 
to 40 or 50 ccm.; but the precipitation was much less complete than after 
the reduction with NH,I and HCl, probably owing to the larger proportion 
of iodine that was found to be retained in the solution in the former case. 
The experiments were repeated with HI that had been exposed to the 
air and contained much iodine: the precipitation was still less complete. 

Rate of Oxidation of Trivalent Vanadium in the Presence of NH,OH, 
and of (NH,).S.—50 mgm. V were reduced twice by evaporation with 
15 ccm. HCl (1.20) and 1 gram NH,I to 2 or 3 ccm.; the residue was 
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diluted to 50 ccm., and made alkaline with NH,OH. The mixture was 
divided into two parts; one was filtered at once and. the second after half 
an hour; both filtrates were tested for vanadium by *P. 51a: a very poor 
test was obtained in the first filtrate, and a good one in the second.—The 
experiment was repeated, except that the second portion was filtered after 
2 hours: the first filtrate gave a slight test for vanadium; the second 
contained 2-4 mgm. V. Therefore the oxidation takes place slowly in the 
presence of NH,OH. 

The experiments were repeated except that several drops colorless 
(NH,).S were also added: the filtrates, obtained at once, after half an hour, 
and after 2 hours gave only slight tests for vanadium. Therefore the 
addition of a little (NH,),S does not cause the vanadium hydroxide to 
dissolve, and the rate of oxidation is slower in the presence of (NH,),S 
than in that of NH,OH alone. 

The oxidation, by the oxygen of the air, of the trivalent vanadium 
after dilution is therefore much too slow to account for the abnormal 
results, such as the nearly complete precipitation of 50-100 mgm. V in one 
experiment, and the non-precipitation in another performed under apparently 
the same conditions. 

G. D., § 2: Action of HCl on NiS or CoS.—Herz (Z. anorg. Chem., 27, 
390, and 28, 343. Igo1) treated sulphides, which had been kept on filters 
for several days after precipitation, with 0.5 normal HCl (1 volume HCl 
[1.12] and 12 volumes water), and found that the evolution of H,S could 
not be detected by odor or by action on paper moistened with a’ lead 
salt. On the other hand, he found H,S to be evolved fairly rapidly by 
the action of 0.5 normal HCl on freshly precipitated sulphides. He con- 
cludes that there are two allotropic forms of the sulphides, one that is 
soluble in 0.5 normal HCl and one that is not. As Glixelli (Z. anorg. 
Chem., 55, 297. 1907) has pointed out, this evidence of decreased solu- 
bility is not conclusive; for the rate of reaction with the old sulphides 
may simply be much slower. The following experiments show that Nis, 
at any rate while freshly precipitated, is not a mixture of two sulphides 
differing markedly in solubility. 

200 mgm. Ni as NiS, precipitated in the cold by passing H,S into 
NH,OH solution, were digested in the cold for a known time with about 
30 ccm. dilute HCl (1 volume HCl [1.12] and 5 volumes water). The 
HCl was first saturated with H,S, and H,S was passed through the mixture 
in a small flask during the treatment. The mixture was filtered, and the 
experiment repeated several times with the NiS residue. The amount of 
nickel dissolved in each treatment was estimated by adding NH,OH and 
precipitating the nickel as NiS by passing in H,S: in the first treatment 
of 15 minutes, about 20 mgm. Ni dissolved; in each of the next four 
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treatments of 15 minutes each, steadily decreasing amounts of Ni dissolved; 
and in the fifth treatment the amount was estimated to be 10 mgm. Ni. 
The sixth and seventh treatments were each for half an hour: somewhat 
more nickel dissolved than in the fifth treatment for 15 minutes. The 
eighth treatment was for 4 hours: nearly as much dissolved as in the first 
treatment (say 18 mgm.). Over night, without passing the current of H,S, 
about 20 mgm. Ni dissolved. In a last treatment for 6 hours, 25 or 30 mgm. 
dissolved. The final residue contained only about 30 mgm. Ni.—A similar 
series of experiments was performed, except that the HCl was not satu- 
rated with H,S and no H,S was passed through the mixture: the results 
were similar, except that the NiS dissolved more slowly, owing to the fact 
that the mixture was'very little stirred. 

100 mgm. Ni as NiS (precipitated by H,S in NH,OH solution) were 
digested with 30 ccm. dilute HCl (1 volume HCl [1.12] and 3 volumes 
of water) for 5 minutes: about 5 mgm. Ni dissolved.—The experiment 
was repeated with HCl (1.12): the amount of Ni that dissolved was not 
much greater than in the preceding experiment.—The last experiment was 
repeated with 1 mgm. Ni: only a small proportion of the nickel dissolved. 

Action of HCl on NiS when Other Sulphides Are also Present.— 
500 mgm. Fe as FeSO, and 5 mgm. Ni as NiSO, were dissolved in 50 ccm. 
water containing 2 ccm. H,SO, (1.84), and the solution treated at about 
40° with NH,OH and (NH,).S, as described in P. 51: the filtrate was 
clear and light-colored, showing that it contained no nickel. The precip- 
itate was dried by suction, and treated in a casserole with 30 ccm. cold 
dilute HCl (1 volume HCl [1.12] and 5 volumes water), with frequent 
stirring, for 5 minutes: only a very small black residue remained, which was 
found to contain about 0.5 mgm. Fe, but no nickel.—The experiment was 
repeated, except that ferric chloride was used instead of ferrous sulphate: 
the residue contained 1 or 2 mgm. Fe and a mere trace of nickel.— Both 
experiments were repeated, except that the sulphides were precipitated at 
about go° by passing H,S into NH,OH solutions. In the experiment with 
ferrous iron the residue insoluble in dilute HCl contained nearly 1 mgm. 
Fe and less than 1 mgm. Ni; in the experiment with ferric iron the residue 
contained about 1 mgm. Fe and nearly all the nickel.—The last experiment 
was repeated with 500 mgm. Fe as FeCl, and 2 mgm. Ni as NiSO,: the 
residue insoluble in cold dilute HCl contained a little iron and nearly all 
the nickel.—The first of the above experiments was repeated with 500 mgm. 
Fe as FeSO, and 10 mgm. Ni as NiSO,; the residue insoluble in dilute 
HCl and also the filtrate were tested for iron and nickel: the residue con- 
tained about 1 mgm. Fe and 5 mgm. Ni; the HCI solution contained also 
about 5 mgm. Ni.—The experiment was repeated, except that the sulphides 
were precipitated at about 90° by passing H,S into an NH,OH solution: 
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the residue insoluble in dilute HCl contained about 0.5 mgm. Fe and 3 or 
4 mgm. Ni. 

500 mgm. Mn as MnSO, and 5 mgm. Ni as NiSO, were dissolved in 
2 ccm. H,SO, (1.84) and 50 ccm. water, and the solution was treated with 
NH,OH and (NH,),S, as described in P. 51; the filtrate was clear, show- 
ing the absence of nickel. The precipitate was digested with 30 ccm. cold 
dilute HCl (1 volume HCl [1.12] and 5 volumes water), with frequent 
stirring, for 5 minutes: the small, dark-colored residue on analysis was 
estimated to contain 3 or 4 mgm. Ni: the HCl solution contained only 
about 0.5 mgm. Ni. 

The experiment was repeated with 500 mgm. Zn as ZnSO, and 2 mgm. 
Ni as NiSO,: after 10 minutes’ treatment with the dilute HCl, a very large 
residue remained; the HCl solution contained only about 100 mgm. Zn 
and no Ni. The second treatment with HCl lasted over night: about 
300 mgm. Zn and no Ni dissolved. The third treatment lasted 2 days: 
the residue was small and dark-colored and contained over 1 mgm. Ni 
and little or no Zn; the HCl solution contained about 100 mgm. Zn and 
a little Ni.—The experiment was repeated with HCl (1.12): a black residue 
remained. 

These experiments show that small amounts of NiS may be dissolved 
completely when distributed throughout a large precipitate ot iron sulphide, 
but that they are not readily dissolved in the presence of ZnS or MnS. 
They also show that ZnS dissolves slowly in dilute HCl, just as NiS does. 

G. D., § 6: Precipitation of Vanadium by Alkaline Hydroxides when 
Uranium Is Present.—For the insolubility of uranyl vanadate, see v. Klecki, 
Z. anorg. Chem., 5, 381 (1894); Carnot, Compt. rend., 104, 1850 (1887) ; 
also C. E., *P. 58a, N. 3. 

50 mgm. V as Na,VO, and about 250 mgm. U as UO,(NO,), were dis- 
solved in 3 or 4 ccm. HNO, (1.20) and 30 ccm. water; the solution was 
made alkaline with NH,OH (0.96): a large yellow precipitate separated. 
This was filtered off and the solution was tested for vanadium by *P. 58e: 
not more than I mgm. was found. In this experiment there was just 
sufficient uranium to form UO,NH,VO,.—The precipitate obtained in the 
preceding experiment was dissolved in a little HNO,, diluted to about 
15 ccm., and poured into about 20 ccm. 10% NaOH solution: a large yellow 
precipitate separated. This was filtered off and the filtrate tested for 
vanadium by *P. 58e: only 5-10 mgm. V were found. 

Separation of Zinc and Vanadium by Hydrogen Sulphide.—H,S was 
passed into a solution containing H,VO, and acetic acid: the solution 
slowly became blue and sulphur separated; the precipitate rapidly became 
dark-colored, owing to the formation of some V.S,. 

1 mgm. V as Na,VO, and 50 mgm. Zn as Zn(NO,), were dissolved in 











ITI. Aluminum and Iron Groups: Experiments 79 


30 ccm., a little acetic acid was added, and an excess of about 3 ccm. NH,OH 
(0.90). The clear solution was saturated with H,S. A heavy precipitate 
of ZnS separated at once, and the solution slowly became deep red in 
color, which color was very distinct after filtering. The experiment was 
repeated with 1 mgm. Zn and 50 mgm. V: a precipitate of ZnS was obtained, 
which was confirmed by the last paragraph of P. 57. 

Action of NH,OH on Uranium Solutions Containing H,O,.—100 mgm. 
U as UO,(NO,), were treated by P. 52. The red (peruranate) solution 
was made acid with HNO,. Without heating, the acid solution, which 
contained H,O, (see C. E., P. 52, N. 6), was made alkaline with NH,OH: 
a large yellow precipitate of (NH,),U,O, separated, but the filtrate was 
yellow. The filtrate was acidified with HNO,, boiled for 2 or 3 minutes, 
and again made alkaline with NH,OH: a large yellow precipitate separated, 
which was nearly as large as the first NH,OH precipitate. The colorless 
filtrate was again acidified, boiled, and then made alkaline with NH,OH: 
no precipitate separated. Therefore uranium, if present, will divide in 
P. 8: 

To a nitric acid solution containing 200 mgm. U as UO,(NO,), and 
40 mgm. V as H,VO, in 40 ccm. were added about 20 ccm. 3% H,O,; the 
mixture was made alkaline with NH,OH: no precipitate separated, showing 
that the precipitation of UO,NH,VO, is prevented by the presence of an 
excess of H,O.. 

Action of BaCl, on Uranate Solutions.—100 mgm. U as UO,(NO,), 
were treated by P. 52 and 53. The yellow filtrate from the NH,OH pre- 
cipitate, which contained about half the uranium, was treated by P. 55: 
a moderately large precipitate separated. After standing over night the 
precipitate was filtered off and the filtrate tested for uranium by adding 
HNO,, boiling, and adding NH,OH: a small yellow precipitate separated, 
which was estimated to contain 2 mgm. U. Therefore barium uranate (or 
peruranate) may be precipitated nearly completely in P. 55. 

Action of BaCl, on Vanadate Solutions.—100 mgm. V as Na,VO, were 
treated by P. 52 and 53. See C. E., P. 52, N. 10. The NH,OH solution, 
which had a volume of about 40 ccm., was made just acid with acetic acid, 
and BaCl, solution was added in the cold as described in P. 55: no pre- 
cipitate separated from the yellow solution in 5 minutes.—The experiment 
was repeated with 300 mgm. V: no precipitate appeared when the BaCl, 
was first added, but in 10 minutes a large orange precipitate of barium 
vanadate had separated. This was filtered off and the filtrate allowed to 
stand over night: a large precipitate formed. The precipitate was col- 
lected on a filter and washed with water: much of it dissolved, showing 
that barium vanadate is fairly soluble in water. A portion of the filtrate 
which was still slightly yellow was tested for vanadium by *P. 58¢: much 
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vanadium was found, showing that the precipitation of barium vanadate 
takes place slowly, and that large amounts of vanadium remain in the 
filtrate in the cold.—A solution containing 100 mgm. V as Na,VO, and a 
little NH,OH in 40 ccm. was made acid with acetic acid; 10 ccm. 10% 
BaCl, solution were added, and the mixture was boiled for a minute or 
two: a large nearly white precipitate separated, and the solution became 
perfectly colorless. The precipitate was filtered off and the filtrate tested 
for vanadium by *P. 58¢: the filtrate was found to contain not more than 
a few milligrams of vanadium, thus showing that a large proportion of the 
vanadium had been precipitated on boiling.—The last experiment was re- 
peated, except that the acetic acid solution was made alkaline with NH,OH 
before boiling: the filtrate was found to be nearly free from vanadium. 
The last experiment was repeated with a mixture of 100 mgm. V and 10 
mgm. Zn as nitrate: only about 3 mgm. Zn were found in the filtrate, 
showing that a large part of it had been precipitated with the vanadium, 
probably as zinc vanadate. 

Action of NH,OH on Solutions Containing Zinc, and Vanadium as Vana- 
date.—500 mgm. Zn as nitrate and 100 mgm. V as Na,VO, were treated by 
P. 52: only a very small precipitate remained and the solution was colorless. 
The filtrate was acidified with HNO, (1.20), an excess of about 2 ccm. 
being added; and the solution was made just alkaline with NH,OH: a large 
precipitate separated. 4 ccm. NH,OH (0.96) were added: the precipitate 
dissolved completely. The NH,OH solution was neutralized with acetic 
acid: a large precipitate separated, but it dissolved when a small excess of 
acetic acid was added. The acetic acid solution was boiled for a minute 
or two: a large precipitate separated, leaving a clear solution, which, 
however, still contained considerable zinc and vanadium. 

Separation of Zinc and Uranium by NH,OH.—1 mgm. Zn as Zn(NO,), 
and 100 mgm. U as UO,(NO,), were dissolved in 4 ccm. HNO, (1.20) 
and 100 ccm. water; the mixture was made alkaline with NH,OH and an 
excess of about 3 ccm. added; the yellow precipitate was filtered off and 
the solution tested for zinc with H,S: a small nearly white precipitate 
separated.— The experiment was repeated with 50 mgm. Zn and 100 mgm. U: 
the filtrate contained nearly all the zinc. The precipitate was washed, 
dissolved in HNO,, diluted to 100 ccm., and treated again with NH,OH: 
the filtrate contained only about 2 mgm. Zn. The NH,OH precipitate was 
again treated in the same way: the filtrate contained no zinc. . 

Action of NH,OH on Solutions Containing Uranium and Chromate.— 
4 mgm. Cr as K,CrO, and 100 mgm. U as UO,(NO,). were treated as in 
the preceding experiment: the filtrate from the NH,OH precipitate con- 
tained nearly all the chromium; the second NH,OH filtrate was colorless. 
The experiment was repeated with 50 mgm. Cr and 100 mgm. U: the 
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filtrate after the second NH,OH precipitation was nearly colorless, thus 
showing that little or no chromium was carried down with the uranium. 

G. D.,.§ 13: Separation of Titanium and Zirconium by Boiling with 
Sulphurous Acid.— With regard to the unsatisfactory nature of the process 
usually employed, see Hillebrand, Bull. U. S. Geol. Sur., No. 176, 72-73 
(1900). A fairly satisfactory quantitative separation of titanium from iron 
is obtained by boiling a solution (of a volume of about one liter) containing 
acetic and sulphurous acids. This large volume is impracticable in qual- 
itative analysis, and H. I. Wood and B. E. Schlesinger (Theses, M. I. T., 
1901, 1902) devised the following method: “Heat the HCI solution (volume 
10-20 ccm.) to boiling, remove the flame, add at once, carefully, NH,OH 
until litmus paper is turned distinctly blue; add 30-40 ccm. H,SO, solu- 
tion and place on the water bath for 15-20 minutes.” This method was 
carefully tested by us. The results were satisfactory with titanium or 
zirconium alone; and small quantities of these elements were easily detected. 
But when iron was also present, some of it was carried down. In an 
experiment with 3 mgm. Fe, 100 mgm. Ti and 100 mgm. Zr as chlo- 
rides, no test for iron was obtained in the filtrate, thus showing that this 
amount of iron had been completely carried down. Also, when 500 mgm. 
of Fe alone (as FeCl,) were present, some of the Fe(OH), precipitated 
by NH,OH did not dissolve in the H,SO, solution; and even when ferrous 
iron was used, some Fe(OH), sometimes precipitated during the heating 
on the water bath. Moreover, the precipitation of titanium and zirconium 
was usually incomplete when much of these elements was present, espe- 
cially if the solution was not made distinctly alkaline with NH,OH. This 
method is therefore a very unsatisfactory one. 

G. D., § 17: Precipitation of Beryllium Phosphate as a Confirmatory 
Test.—See B. E. Schlesinger, Thesis, M. I. T., 1902; Classen, Ausgew. Meth. 
d. Analyt. Chemie, fifth edition, 1, 715. 

1 mgm. Be as BeCl, was in each of three experiments dissolved in water 
containing a littlke HCl; 1 ccm. 10% citric acid and 2 ccm. 10% ammonium 
phosphate solutions were added, the mixture was made strongly alkaline 
with ammonia, and it was boiled gently for about 5 minutes in a small 
flask: a small white crystalline precipitate separated.—The experiment was 
twice repeated with 2 mgm. Al as AICI,: no precipitate separated.— The 
experiment was four times repeated with 0.5 mgm. Be: no precipitate 
resulted. Therefore this confirmatory test is hardly delicate enough, 
especially since beryllium has a very low atomic weight. 

Test for Zirconium with Turmeric Paper.—The following procedure, 
recommended by B. E. Schlesinger (Thesis, M. I. T., 1902), was tested: 
“Dissolve the phosphate precipitate in HF (1:5), evaporate to I or 
2 drops, and dip a piece of turmeric paper into it; heat the paper at 100° 
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until dry.” (Pink color, presence of zirconium.) In agreement with the 
results of Schlesinger, 1 mgm. was found to be the limit of detectability. 
Even with 2 mgm. the test was not a striking one. Moreover, titanium 
also caused a pink coloration of the turmeric paper, and the test was more 
delicate than in the case of zirconium. The blank test with strong HF 
was not perfectly satisfactory. The results obtained when HCl, instead 
of HF, was used were practically the same. 

P. 51, N. 2: Precipitation of Small Amounts of Various Elements by 
Ammonia.—o.5 and 1 mgm. of Al, Be, U, and Zr as nitrate, of Fe as FeSO,, 
of Cr as Cr,(SO,),, of Ti as TiCl, were dissolved in separate experiments 
in 4 ccm. HCl (1.12) and 30 ccm. water in small conical flasks; the solu- 
tions were neutralized with NH,OH (0.96) and about 1 ccm. excess added; 
the mixtures were shaken several times and then allowed to stand a few 
minutes: in each case the solution was transparent after the ITH,OH was 
added; but a distinct flocculent precipitate was observed after the shaking 
and standing. The precipitates were more difficult to see with chromium, 
aluminum, and uranium than with the other.substances, but even in these 
cases 0.5 mgm. was easily detected. . 

The experiments with aluminum, uranium, and chromium were repeated 
in a volume of 100 ccm. containing 4 ccm. HCl (1.12): 1 mgm. Al was 
near the limit of detectability in a cold solution, but 0.5 mgm. could be 
easily detected if the solution were heated nearly to boiling and allowed 
to stand.— With uranium the limit of detectability was 1-2 mgm. in a 
cold solution, and with chromium it was 2 mgm. in a cold solution; but 
with 0.5 mgm. Cr the solution became turbid on heating the NH,OH solution 
to boiling. 

2 mgm. Cr as KCr(SO,), were dissolved in 4 ccm. HCl (1.12) and a 
little water; the solution was boiled, diluted to 100 ccm., cooled, and made 
alkaline with NH,OH (0.96): a very small precipitate was seen after 
shaking and standing. This was filtered off and the nearly colorless filtrate 
was heated to boiling: a finely divided, light green precipitate then separated, 
showing that precipitation of Cr(OH), by NH,OH in the cold is incomplete. 

Solubility of Zinc and Nickelous Hydroxides in Solutions Containing 
NH,CI and NH,OH.—To a number of solutions containing 500 mgm. Zn 
as ZnCl, and varying amounts of HCl in 30 ccm. of solution known amounts 
of NH,OH (0.96) were gradually added, 1.0 ccm. HCl (1.12) being equiv- 
alent to about 1.5 ccm. NH,OH (0.96). The following table shows the 
amount of NH,OH that had to be added (1) before a large precipitate 
formed, (2) before a distinct odor of NH,OH persisted after shaking, and 
_ (3) before the precipitate dissolved to give a colorless solution: 
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NH,OH (0.96) required To pi distinct To dissolve th 
HCI (1.12) present. to give a large Coen pele me 
precipitate. odor, precipitate. 
2 ccm. 3 ccm. 8 ccm. 11 ccm. 
4 ccm. 7 ccm. 11 ccm. 14 ccm. 
6 ccm. 11 ccm. 14 ccm. 16 ccm. 
8 ccm. No precipitate. 17 ccm. 

















The experiment was repeated in a volume of I00 ccm. containing 4 ccm. 
HCl (1.12): the result was practically the same as in the corresponding 
experiment with an initial volume of 30 ccm. 

The experiments were repeated with 500 mgm. Ni as NiCl,, the initial 
volume being 30 ccm.: the solution became blue when an excess of NH,OH 
was added, but no precipitate separated even when only 2 ccm. HCl were 
used. In an experiment with no acid, a large green precipitate resulted, 
which dissolved on adding about 6 ccm. excess NH,OH after the odor of 
NH,OH was persistent. 

Precipitation of Cobalt Hydroxide.—The foregoing experiments were 
repeated with 500 mgm. Co as CoCl, and 4 ccm. HCl (1.12) in 30 ccm.: 
when the NH,OH was added slowly, a moderately large green precipitate 
was always obtained, which did not dissolve on adding a large excess of 
NH,OH; the supernatant solution was reddish brown. The experiments 
were repeated with 4 and 6 ccm. HCI (1.12), the NH,OH (3-4 ccm. in 
excess) being added all at once; no precipitate was obtained, but the solu- 
tion was red-colored, and darkened on standing, owing to oxidation.— The 
experiments were repeated in a volume of 100 ccm. containing 4 ccm. HCl 
(1.12): the results were the same, except that the amount of green pre- 
cipitate formed was greater than in the smaller volume, and that a larger 
excess of NH,OH was necessary, in order to prevent the separation of 
a precipitate when the excess of NH,OH was added all at once. 

Solubility of Aluminum Hydroxide in Excess of Ammonia.—To a solu- 
tion containing 10 mgm. Al as nitrate and 4 ccm. HCI (1.12) in 100 ccm. 
were added in the cold 17 ccm. NH,OH (0.96); 1.e., an excess of about 
10 cem., and the mixture was shaken; the precipitate of Al(OH), was fil- 
tered off after about 5 minutes, and the filtrate was boiled for several 
minutes to expel the excess of NH,OH: a precipitate of Al(OH), sepa- 
rated, which was estimated to contain about 3 mgm. Al. The experiment 
was repeated, except that an excess of only 2 or 3 ccm. NH,OH (0.96) 
was used: the filtrate on boiling became turbid, but the amount of aluminum 
that separated did not exceed 0.5 mgm. 
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P. 51, N. 3 and 4: Solubility of Mg(OH), in NH,CI Solutions.—The 
solubility of Mg(OH), in water is about 210° mols per liter. For 
evidence that the non-precipitation of Mg(OH), in moderately dilute solu- 
tions containing an ammonium salt depends solely on small OH™ concen- 
tration produced by the driving back of the dissociation of NH,OH, see 
Lovén, Z. anorg. Chem., 11, 404 (1896); Treadwell, Z. anorg. Chem., 37, 
326 (1904); Herz and Muhs, Z. anorg. Chem., 38, 138 (1904). 

The following experiments show that enough ammonium salt is pro- 
duced by the neutralization of the 4 ccm. HCl (1.12) originally present, 
to prevent the precipitation of Mg(OH), even when 500 mgm. Mg are 
present.—A solution containing 500 mgm. Mg as MgCl, and 4 ccm. HCl 
(1.12) in 100 ccm. was neutralized with NH,OH (0.96) (6 ccm.), and more 
NH,OH was added: no precipitate formed when 40 ccm. in all had been 
added, but the addition of 10 ccm. more gave a precipitate.—The experi- 
ment was repeated with an initial volume of 30 ccm. instead of 100 ccm.: 
30 ccm. NH,OH produced’ no precipitate, even after several minutes, but 
40 ccm. did.— The experiment was repeated with 2 ccm. HCl and a volume 
of 30 ccm.: 15 ecm. NH,OH (0.96) produced no precipitate, but 20 ccm. did. 

Complex Zinc Ammonia Cathion.—Zn(NH,),**. See Herz, Z. anorg. 
‘Chem., 25, 225 (1900); Gaus, Z. anorg. Chem., 25, 236 (1900); Euler, Ber., 
63, 3400 (1903); Bonsdorff, Z. anorg. Chem., 41, 132 (1904). 

Complex Nickel Ammonia Cathion.—Ni(NH,),**. See Dawson and 
McCrae, J. Chem. Soc. 77, 1239 (1900); Konowaloff, Chem. Centralblatt, 
1900, I, 646, and especially Bonsdorff, Z. anorg. Chem., 41, 132 (1904). 

Behavior of Chromium towards Ammonium Hydroxide.—To a solution 
containing in 30 ccm. 3-4 ccm. HCl (1.12) and 250 mgm. Cr.as CrCl, 
freshly prepared by boiling K,CrO, with concentrated HCl, was added 
NH,OH (0.96) until after shaking the odor was distinct. The mixture 
was divided into two parts; one part was filtered at once; to the other 
part 10 ccm. NH,OH (0.96) were added, and it was immediately filtered: 
the former had only a very faint pink color, and on boiling not more than 
0.5 mgm. Cr precipitated as Cr(OH),; the latter was distinctly pink, and 
on boiling 2-3 mgm. Cr precipitated as Cr(OH),.—The experiment was 
repeated, except that an excess of 2 ccm. NH,OH was added after the 
odor of NH,OH was distinct, and that in addition 5 grams solid NH,Cl 
were added to one-half of the mixture; both portions were filtered at once: 
‘each filtrate was faintly pink; and on boiling that containing no excess 
of NH,Cl there resulted a precipitate of Cr(OH), estimated to contain 
0.5 mgm. Cr; while on boiling the other filtrate no precipitate separated, 
and the solution remained pink.—The last experiment was repeated, except 
that the mixtures were allowed to stand 20 hours before filtering: the fil- 
trate containing no excess of NH,Cl was faintly pink but did not centain 
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more than 1 mgm. Cr. The second filtrate was highly colored, and on boil- 
ing 5 to 10 mgm. Cr precipitated as Cr(OH),, but the precipitation was 
not quite complete.—These results show that both NH,OH and NH,Cl 
increase the amount of the pink chromium compound formed, and therefore 
prove that this compound is a complex ammonia salt and not a chromite. 
—For the proof that these solutions are unstable, even at room temperatures, 
see Herz, Z. anorg. Chem., 31, 357 (1902). 

P. 51, N. 6: Precipitation of Phosphates of Calcium, Barium, Magnesium, 
and Manganese by Ammonium Hydroxide.—To solutions containing 2 mgm. 
PO, as Na,HPO, and 4 ccm. HCl (1.12) in 30 ccm. were added in separate 
experiments varying amounts of manganese, barium, and magnesium as 
chloride and of calcium as nitrate. The solutions were then neutralized 
with NH,OH (0.96) and about 2 ccm. excess added, making 8 ccm. in all, 
after which the mixtures were shaken and allowed to stand: 2 and 3 mgm. 
Mn gave small precipitates after a minute or two, but I mgm. gave no 
precipitate; 10 and 20 mgm. Ca gave large precipitates at once, but 5 mgm. 
gave no precipitate even in half an hour. 100 mgm. Ba gave a large pre- 
cipitate at once, and 50 mgm. gave no precipitate in half an hour. 1, 3, 
and 5 mgm. Mg gave precipitates on shaking.—The experiment was 
repeated with 10 mgm. PO, and varying amounts of barium. 60 mgm. 
3a gave a large precipitate at once, but 40 mgm. gave no precipitate, or 
only a very small one, in half an hour.—The experiment was repeated with 
2 mgm. Ca and varying amounts of phosphate: with 30 mgm. PO, a pre- 
cipitate was obtained at once, with 20 mgm. after several minutes, and with 
10 mgm. no precipitate appeared in half an hour. On repeating the experi- 
ment with 1 mgm. Ca a precipitate was obtained with 30 mgm. PO, after 
a few minutes, but not with 20 mgm. 

P. 51, N. 7: Solubility of the Borates of the Alkaline-Earth Elements.— 
500 mgm. BO, as H,BO, and 20 mgm. Ca as chloride were dissolved in 
4 ccm. HCl (1.12) and 36 ccm. water, and NH,OH (0.96) was added 
until the mixture after shaking just smelled of it: no precipitate separated. 
The experiment was repeated with 200 mgm. Ba as chloride: no precipitate 
separated.—The experiment was repeated with 300 mgm. Ba: a small 
precipitate formed, but it dissolved on adding a little concentrated NH,Cl 
solution.—The experiment was repeated with 500 mgm. Mg as chloride: 
no precipitate resulted: 

P. 51, N. 9: Action of Ammonium Hydroxide on Uranyl Solutions.— See 
Kern, J. Am. Chem. Soc., 23, 701-705 (1901). 

1 and 3 mgm. U as UO,(NO,), were dissolved in separate experiments 
in 20 ccm. water, and a few drops NH,OH (0.96) were added: no precipitate 
separated on standing, nor on boiling. A small quantity of solid NaNO, 
was added to the cold solutions: pale yellow precipitates separated at once, 
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showing that the uranium had been present in the colloidal .form.—The ex- 
periment with I mgm. U was repeated, except that a little NH,Cl instead 
of NaNO, was added: a yellow precipitate separated. 

P. 51, N.9: Uranyl Salts and Diuranates.—See Dittrick, Z. physik. Chem., 
29, 449-490 (1899); Kern, J. Am. Chem. Soc., 23, 686-726 (1901). 

P. 51, N. 10: Completeness of Precipitation of the Sulphides of the Iron 
Group.—In each of the following experiments the quantity of the element 
given below was dissolved in 4 ccm. HCl (1.12) and 96 ccm. water; to this 
solution in the cold were added g-10 ccm. NH,OH (0.96), and then (NH,).S 
solution, drop by drop, until an excess was present. The mixtures were well 
shaken and then filtered, generally through a double filter. The results were 
as follows: 

With 5 mgm. Mn as MnCl, a light-colored precipitate formed at once; 
‘the filtrate was clear after two filtrations.—With 0.5 mgm. Mn as MnCl,, 
the result was the same.—With 0.25 mgm. Mn as MnCl, the solution 
became turbid in 2 or 3 minutes.—The filtrate in the first two experiments 
was evaporated almost to dryness; HNO, (1.42) was added; the mixture 
was evaporated to 5 ccm.; KCIO, was added, and the mixture boiled: no 
precipitate of MnO, separated, showing that the precipitation of MnS had 
been complete. 

With 1 mgm. Zn as Zn(NO,),, the mixture became turbid at once, and 
was readily filtered.—With 0.5 mgm. Zn, the result was the same.—The 
filtrate in the first experiment was evaporated to 5 ccm., made alkaline with 
NH,OH, and (NH,),S was added: only an insignificant turbidity appeared, 
showing that the precipitation of ZnS was practically complete. 

With 0.5 mgm. Co as Co(NO,),, a black precipitate formed at once, 
which was readily filtered off.— With 0.1 mgm. Co, the solution became 
dark-colored at once. 

With 0.2 mgm. Fe as FeSO,, the solution became dark-colored at once, 
and the precipitate was easily filtered off.—With 0.5 mgm. Fe as FeSO,, 
the result was the same. The filtrate was evaporated to 5 ccm.; NH,OH 
and (NH,).S were added: the solution remained colorless. 

With 0.3, 0.5, and 1.0 mgm. Tl as TI1,SO,, the solutions became dark 
brown at once and yielded clear filtrates, which when evaporated almost to 
dryness, and tested for thallium by *P. 65d, gave no precipitate of TII. 

With 0.5 and 1.0 mgm. U as UO,(NO,),, distinct flocculent precipitates 
could be seen after the addition of (NH,),S; the filtrates were clear, and 
the precipitate, when collected on the filter, was yellow in color.— With 0.3 
mgm. U as UO,(NO,),, a slight coloration was seen on the filter, but the 
precipitate could scarcely be seen before filtration.—With 5 mgm. U as 
UO,(NO,), the result. was the same. The filtrate was evaporated almost 
to dryness, and was tested for uranium by *P. 58d with K,Fe(CN),: no 
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brown coloration was observed.—The last experiment was repeated, except 
that the filtrate was evaporated to 5 ccm. and NH,OH and (NH,),S added: 
no precipitate formeu, showing that the precipitation as sulphide in 100 ccm. 
had been complete. 

Nature of the Uranium Precipitate Produced by Ammonium Sulphide.— 
20 mgm. U as UO,(NO,), were dissolved in 4 ccm. HCl (1.12) and 96 ccm. 
water; about 9 ccm. NH,OH were added and (NH,),S, drop by drop, in 
the cold, until a distinct excess was present: the precipitate was flocculent 
and had a bright yellow color. After 2 hours it was light brown and in 
6 hours dark brown in color.—The experiment was repeated, except that 
a much larger excess of (NH,).S was added: the precipitate darkened more 
rapidly. It is evident that (NH,),U,O, is first precipitated, contrary to the 
statements of some text-books, and that the conversion of this substance 
into UO,S takes place slowly. 

The Existence of Ferric Sulphide (Fe,S,).—That Fe,S, is formed when 
(NH,).S is added to suspension of Fe(OH), in dilute NH,OH has been 
proved by Stokes (J. Am. Chem. Soc., 29, 304. 1907). When, however, 
an acid solution is first saturated with H,S and then made alkaline with 
NH,OH, FeS and not Fe,S, is formed. 

P. 51, N. 11: Dark Color of the Sulphide Precipitate as Evidence of 
Iron, Nickel, or Cobalt.—To solutions containing 500 mgm. Zn as nitrate, 
4 ccm. HCl (1.12), and. 30 ccm. H,O, were added in separate experiments 
I and 2 mgm. Ni as nitrate, I and 2 mgm. Co as nitrate, 1 mgm. Fe as 
FeSO,, and 1 mgm. Fe as FeCl, The mixtures were neutralized with 
NH,OH (0.96), and 3 or 4 ccm. excess added, making 10 ccm. in all: a 
large white precipitate of Zn(OH), remained, which was estimated to con- 
tain at least 100 mgm. Zn. Colorless (NH,).S was then added as described 
in P. 51, and the color of the precipitates was compared with that obtained 
with 500 mgm. pure zinc: the precipitates containing I mgm. Fe were 
nearly black, with a greenish tinge; those containing 2 mgm. Ni and Co 
were much darker than the pure ZnS; but those with 1 mgm. Ni and Co 
were only very slightly darker.—The experiments were repeated, except 
that 4 ccm. more NH,OH were added in order to dissolve the Zn(OH),: 
the results were substantially the same.—A solution containing 500 mgm. 
Ca and 1 mgm. Ni as nitrates, 1 gram PO, as (NH,),HPO,, 4 ccm. HCl 
(1.12), and 35 ccm. H,O was made alkaline with NH,OH (0.96) and 1 ccm. 
colorless (NH,),S was added: the large white precipitate of phosphate 
became dark-colored as soon as the sulphide was added. 

P. 51, N. 12: Behavior of Nickel towards Ammonium Monosulphide and 
Polysulphide.—See Lecrenier, Chem. Ztg., 13, 431, 449 (1889); Anthony 
and Magri, Gazz. chim. ital., 31, II, 265 (1901). By boiling the brown solu- 
tion in the absence of air the last named authors have prepared NiS,. The 
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composition of the brown solution is unknown; it may be ammonium sulpho- 
nickelate, (NH,),NiS,,,, or colloidal nickel persulphide. 

That in absence of air nickel is completely precipitated as NiS and the 
filtrate is colorless, thus proving that the brown solution is due to the 
presence of polysulphide, has been shown by Lecrenier (Chem. Ztg., 13, 
431, 449. 1889) and Villiers (Compt. rend., 119, 1263. 1894).. The pres- 
ence of NH,OH tends to prevent the precipitation of NiS, and it is possible 
to obtain colorless (or bluish) solutions containing a small excess both of 
(NH,).S and of nickel.—In the presence of air we have found it almost 
impossible when working with large amounts of a pure nickel salt to 
prevent some nickel from passing into the filtrate, giving a brown solution. 
The amount of nickel in the filtrate increased with the excess of ammonium 
sulphide used and with the length of exposure to the air. 

Some of the brown solutions obtained in these experiments were boiled 
in small flasks for 3-10 minutes and then filtered: in each case the filtrate 
was colorless after a single filtration. 

Precipitation of Nickel in Ammoniacal Solution by Hydrogen Sulphide. 
—In several experiments 500 mgm. Ni as Ni(NO,), were dissolved in 
30 ccm. water and 4 ccm. HCl (1.12); NH,OH (0.96) was added until 
the odor could be detected after shaking and then 3 ccm. more, and H,S 
was led into the mixture for 15 minutes: the precipitates were always 
granular, and the filtrates were clear and colorless; when the precipitates 
were washed with water containing either H,S or a very little (NH,).S the 
wash water was invariably clear.—On repeating these experiments with 
cold, very dilute solutions of nickel, containing a considerable excess of 
NH,OH, dark-colored filtrates containing nickel were obtained; but’ when 
the solutions were hot and only a moderate excess of NH,OH was present, 
the filtrates were free from nickel. 

*P. 51a, N. 1: Test for Vanadate with H,S in Alkaline Solution.—To 
separate solutions containing 3 grams NH,Cl and 5 ccm. NH,OH (0.90) 
in a volume of 110 ccm. were added 0.1, 0.3, and 0.5 mgm. V as vanadate, 
and the mixtures were saturated with H,S: in the experiments with 0.3 
and o.5 mgm. V the solutions quickly became dark yellow, then reddish 
yellow, and finally pink; in that with 0.1 mgm. V the solution finally became 
faintly pink, but the test was a poor one. Therefore the limit of detectability 
under these conditions is 0.1 to 0.2 mgm. 

The experiment with 0.5 mgm. V was repeated, except that, instead of 
5 ccm. NH,OH (0.90), I, 2.5, and 10 ccm:., respectively, were used: with 
I ccm. and with 2.5 ccm. NH,OH the pink color was scarcely noticeable; 
with 10 ccm. a good color was obtained, as with 5 ccm. NH,OH, but only 
after passing in H,S for a longer time. These experiments show that a 
fairly large excess of NH,OH is necessary. 
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20 mgm. V as Na,VO, were added to 20 ccm. NH,OH (0.96) and H,S 
was passed in: the color quickly became brown and slowly turned red, 
becoming after 5 or 6 minutes a deep cherry-red. The solution was divided 
into two parts. To the first was added an equal volume of water: the red 
color disappeared in 2 or 3 minutes, but appeared again on resaturating 
with H,S. To the second part of the red solution was added an equal 
volume of NH,OH (0.96): the color faded slowly (in 4 or 5 minutes), 
but reappeared on passing in H,S. These experiments show that the solution 
must be saturated with H,S. 

1 mgm. V as Na,VO, was dissolved (a) in 20 ccm. NH,OH (0.90), 
(6) in 20 eem. NH,OH (0.96), (c) in 5 ccm. NH,OH (0.96) and 15 ccm. 
water, (d) in 2 ccm. NH,OH (0.96) and 38 ccm. water, (¢) in 2 ccm. 
NH,OH (0.96) and 98 ccm. water. Each solution was saturated with 
H,S: a good color was obtained in every case, showing that in the absence 
of ammonium salts the test may be obtained at any concentration of NH,OH. 

A solution containing 1 mgm. V as Na,VO, and 3 ccm. HNO, (1.42) 
in I0 ccm. was neutralized with NH,OH (0.90), I or 2 ccm. in excess 
being added, and was then saturated with H,S: a very faint color was 
obtained.— The experiment was repeated, except that the acid solution was 
first evaporated to dryness and ignited: a very good test was obtained, 
showing that the presence of ammonium salts interferes with the test for 
vanadium. 

0.5 mgm. V as Na,VO, was added to some HCl (1.20) and the mix- 
ture was evaporated twice nearly to dryness to reduce the vanadic acid 
to hypovanadic acid; 4 ccm. HCl (1.12) were added and 96 ccm. water; 
the mixture was neutralized with NH,OH (0.90), an excess of 5 ccm. was 
added, and H,S passed in for 10-15 minutes: the solution darkened quickly, 
became reddish yellow and finally pink; the color was exactly the same 
as in the experiment described above with 0.5 mgm. V as Na,VO,.— 
The experiment was repeated with 25 mgm. V, which was reduced to 
hypovanadic acid by long-continued treatment of the hot solution with 
H,S: the solution darkened and then became deep red very quickly. The 
color was the same as in the experiment described above with 50 mgm. 
V as Na,VO,. 

I mgm. V as Na,VO, was dissolved in 18 ccm. water, 2 ccm. 10% 
NaOH solution were added, and the mixture saturated with H,S: a deep 
red color was finally obtained, which was almost the same as that obtained 
when NH,OH was used.—The experiment was repeated with 20 ccm. 
undiluted NaOH solution: the final color was the same, but the solution 
remained colorless for a long time while the H,S was being passed through 
it. Therefore the formation of the red compound does not depend on the 
presence of NH,OH or NH,’-ion. 
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*P. 51a, N. 2: Action of Acids on Sulphovanadate.—o.5 mgm. V as 
sodium vanadate was dissolved in 100 ccm. water containing about 3 grams 
NH,Cl; 5 ccm. NH,OH (0.90) were added, and the mixture saturated 
with H,S; the pink solution was filtered, and then acidified in the cold 
with acetic acid, stirred, and filtered: a small black precipitate containing 
sulphur was obtained. This was dissolved by boiling with a little HNO, 
(1.20); the solutions were evaporated to about 2 ccm., and I-2 ccm. 3% 
H,O, were added: a faint orange-yellow color resulted, showing the pres- 
ence of a small amount of vanadium. The experiment was repeated with 
sodium hypovanadate: the results were the same. 

The experiment was repeated with 25 mgm. V: on boiling the filtrate 
from the precipitate of vanadium sulphide it became blue and sulphur sepa- 
rated. To it 50 mgm. Fe as FeCl, were added and then an excess of 
NH,OH; the mixture was filtered, the filtrate was evaporated to dryness, 
the residue ignited and dissolved in a very little HNO,, and a few drops 
H,O, solution were added: no color appeared, showing that all the vanadium 
(in excess of 0.1 mgm.) had been carried down with the Fe(OH),. The 
sulphide and hydroxide precipitates were dissolved separately in HNO,, 
H,O, was added, together with 20-30 ccm. water, and the intensities of 
the colors compared: it was estimated that about 10 mgm. V were pre- 
cipitated as sulphide, and the remaining 15 mgm. V with the Fe(OH),.— 
The experiment was repeated with 50 mgm. V, a larger amount of FeCl, 
being used: the results were similar, thus showing that under these condi- 
tions less than half the vanadium is precipitated as sulphide.—In other 
experiments in which the volume was only 20 to 30 ccm., and the relative 
proportion of ammonium salt to NH,OH was smaller, 80-90% of the vana- 
dium was found to be precipitated as sulphide by acetic acid. Even when 
NaOH was used instead of NH,OH, the precipitation of vanadium as 
sulphide was far from complete. 

The experiment with 50 mgm. V described in the last paragraph was 
repeated, except that HCl was used to acidify the cold solution: it was 
estimated that roughly one-half of the vanadium was precipitated as sul- 
phide and the other half with the Fe(OH),.—The last experiment was 
repeated, except that the mixture containing HCl was boiled for about 
I minute: somewhat less than half the vanadium was found in the HCl 
precipitate. 

*P. 51a, N. 3: Complete Precipitation of Vanadium by Ammonium 
Hydroxide in Presence of Iron.—See preceding section and C. E., G. D., § 1. 

*P. 51a, N. 4: Pervanadic Acid.—See Scheuer, Z. anorg. Chem., 16, 
284 (1898) ; Pissarjewsky, Z. physik. Chem., 43, 171 and 173 (1903), and 40, 
368 (1902). 

Action of H,O, on Vanadic Acid.—In a series of six test tubes, each 
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of which contained 1 mgm. V as Na,VO,, were placed 0, 0.5, 2, 5, 10, and 
20 ccm. H,SO, (1.20); each solution was diluted to 20 ccm., and 2 ccm. 
3% H,O, added: no change was observed in the tube with no acid; the 
solution became orange to orange-red in the remaining tubes, and the 
intensity of the color increased greatly as the concentration of the acid 
increased.— The experiments were repeated with HNO, (1.20): the results 
were the same.—All the tubes were allowed to stand over night: no 
changes in the colors were observed.—Ether was added to a number of 
the solutions and the mixtures shaken: the ether layer remained colorless. 

To solutions containing I mgm. V as Na,VO, dissolved in 1 ccm. HNO, 
(1.20) were added (a) 1 ccm. 3% H,O, and 8 ccm. water, (b) 3 ccm. H,O, 
and 6 ccm. water, and (c) g ccm. H,O,; each solution was diluted to 
10 ccm.: the first two solutions were orange-red, but the third solution was 
practically colorless, thus showing that a large excess of H,O, spoils the 
test. To the third solution were added 3 ccm. HNO, (1.20): the orange- 
red color reappeared, thus proving again that the test is more easily obtained 
in the presence of a large excess of acid. To this solution were then added 
7 ccm. H,O,: the color became much fainter. 

The first series of experiments with varying amounts of HNO, (1.20) 
and a total volume of 20 ccm. was repeated, except that 0.1 mgm. V as 
Na,VO, was used instead of 1 mgm.: all the solutions remained colorless, 
showing that 0.1 mgm. V cannot be detected in 20 ccm.—This series of 
experiments was repeated with 0.3 mgm. V: a distinct yellow color could 
be seen on looking down the tubes in the experiments with 5, 10, and 
20 ccm. HNO,, a slight color with 2 ccm. HNO,, and none with 0.5 ccm. 
—This series was repeated with 0.5 mgm. V: with 0.5 ccm. HNO, the 
solution was colorless, with 2 ccm. it was slightly yellow, and in the 
remaining experiments a slight but distinct orange-yellow color was observed. 
Therefore the limit of detectability of vanadium with H,O, in HNO, solu- 
tion is about 0.5 mgm. V in 20 ccm., and the solution must contain at 
least 1 volume HNO, (1.20) to 3 volumes of water. 

*P. 51a, N. 5: Tungstic Acid Dissolves in Acids when Phosphate or 
Arsenate is Present.—Tech. Quart., 16, 122 (1903). 

Partial Precipitation of Tungsten on Acidifying a Solution of Sulpho- 
tungstate.—See Tech. Quart., 17, 253-255 (1904). 

Action of H,S on Tungstate Dissolved in Excess of NH,OH.—50 mgm. 
W as (NH,),WO, and 3 grams NH,Cl were dissolved in 100 ccm. water, 
5 ccm. NH,OH (0.90) were added, and the mixture was saturated with 
H,S: the solutions remained nearly colorless for over 10 minutes, but 
finally became slightly yellow, probably owing to the formation of 
polysulphide. 

Action of H,O, on Tungstic and Molybdic Acids.—See Tech. Quart., 17, 
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251 (1904).—20 mgm. Mo as (NH,),MoO, were dissolved in 5 ccm. HNO, 
(1.20), and 2 ccm. H,O, added: a lemon-yellow color resulted. On account 
of the absence of an orange tint there is no difficulty in distinguishing 
between this color and that of pervanadic acid. 

Action of H,S on Molybdate Dissolved in Excess of NH,OH.—A solu- 
tion containing 6 mgm. Mo as (NH,),MoO, and 4 ccm. HCl (1.12) in 
30 ccm. was treated by P. 51: no precipitate formed with NH,OH, nor 
with (NH,),S. To the nearly colorless filtrate were added 5 ccm. NH,OH 
(0.90), and H,S was led through the solution in a test tube for 20 minutes. 
After 3 minutes the solution was dark yellow; after 5 minutes it had a 
reddish color; after 10 minutes it was brilliant red; and the color did not 
change in the next 10 minutes. The color was not the same as in the 
case of vanadium, but might be mistaken for it if a comparative test were 
not made.—so mgm. Mo as (NH,),MoO, and 3 grams NH,Cl were dis- 
solved in 100 ccm. water, 5 ccm. NH,OH (0.90) were added, and the 
solution was saturated with H,S: the colors obtained were the same as in 
the preceding experiment. The last experiment was repeated with 1 mgm. 
Mo: the solution finally became deep orange in color. 

Action of Acids on Sulphomolybdate.—s50 mgm. Mo as (NH,).Mo0O,, 
3 grams NH,Cl, and 5 ccm. NH,OH (0.90) were dissolved in 100 ccm. 
water, and saturated with H,S. The red solution was filtered and then 
made distinctly acid with acetic acid: the color remained nearly the same; 
on filtering a very small black precipitate was obtained which contained 
less than 1 mgm. Mo. The solution was allowed to stand for 1 hour: it 
remained clear. After 3 hours a small precipitate had separated which 
contained only 2 or 3 mgm. Mo. The mixture was then boiled for 5 minutes 
and filtered: about two-thirds of the molybdenum precipitated as MoS, and 
the filtrate was still deep orange. The filtrate was evaporated to a small 
volume and 10 ccm. HCl (1.20) added: a large black precipitate of MoS, 
separated, but the solution was found still to contain I or 2 mgm. Mo. 

The foregoing experiment was repeated, except that HCl was added 
to the cold solution: a black precipitate separated at once. The filtrate was 
evaporated to 30 ccm. and tested for Mo by *P. 43¢: none was found.— 
The experiment was repeated, except that the’ mixture was boiled after 
adding HCl: the result was the same, not more than a trace of molybdenum 
being found in the filtrate. 

P. 52, N. 3: Formation of Sulphate on Dissolving NiS in Acids.—In 
two experiments 300 mgm. Ni as freshly precipitated NiS were treated by 
P. 52; the sulphur was filtered off, and BaCl, was added to the filtrate: 
small precipitates of BaSO, separated, each of which was estimated to 
contain 5-10 mgm. Ba.—In another series of experiments the NiS was 
first treated in the cold for several minutes with mixtures of 5 ccm. HNO, 
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(1.20) with 20-30 ccm. of water, and the residue was dissolved by evap- 
orating the solution to concentrate the HNO,, and then adding a few drops 
HCl (1.20): precipitates of BaSO, resulted, estimated to contain from 20 to 
50 mgm. Ba. In each of these experiments, especially when the precipitate 
was first treated with HNO,, considerable sulphur separated and the NiS 
enclosed in it did not dissolve readily. 

P. 52, N. 4: Action of HCl on Titanium and Zirconium Hydroxides.— 
Acid solutions containing 100 mgm. Ti and 100 mgm. Zr as chlorides in 
volumes of about 100 ccm. were treated in the cold with NH,OH; the 
precipitates were filtered off and treated with 20 ccm. cold HCl (1.12): 
they dissolved completely in a minute or two.—The experiments were 
repeated, except that the solutions were heated to boiling, and the NH,OH 
was added to the hot solutions: on pouring 20 ccm. HCl (1.12) repeatedly 
through the filters containing the hydroxide precipitates, almost all of the 
TiO(OH), dissolved, but only a small portion of the ZrO(OH), (8-10 mgm. 
Zr). On pouring a 20 ccm. portion of hot HCl (1.12) repeatedly through 
the filters, the remainder of the titanium, but only about half the zirconium, 
dissolved. The remainder of the ZrO(OH), was boiled in a casserole with 
HCl (1.12) for several minutes: it dissolved completely. 

P. 52, N. 5: Complete Precipitation of Titanium and Zirconium in the 
Sodium Peroxide Procedure.—1 mgm. Ti as TiCl, was treated with NaOH 
and Na,O, by P. 52, the mixture being boiled for about 4 minutes after 
the Na,O, was added: a white precipitate separated. The filtrate was 
made acid with HCl; one-half of it was tested for titanium by adding 
H,O,: no color appeared, showing that the titanium had been completely 
precipitated. The other half of the filtrate was tested for H,O, by adding 
excess of TiCl,: no color appeared, showing that the Na,O, had been com- 
pletely decomposed.— The experiment was repeated with 500 mgm. Ti: the 
filtrate contained 1 or 2 mgm. Ti. The precipitate was treated with HCl 
(1.12): nearly all dissolved in the cold and the remainder on warming. 
The solution was reddish yellow, showing that the precipitate contained 
some TiO,.—The HCI solution obtained in the last experiment (containing 
nearly 500 mgm. Ti) was treated with NaOH and Na,O,, by P. 52; the 
mixture containing Na,O, was boiled for less than I minute: the filtrate 
contained at least 5 mgm. Ti. These experiments show that the amount 
of titanium that remains in the filtrate may be greatly lessened by long- 
continued boiling. 

I mgm. Zr as ZrCl, was treated with NaOH and Na,O, by P. 52: a 
distinct precipitate separated.— The experiment was repeated with 100 mgm. 
Zr; the large precipitate was filtered off, and the filtrate was tested for 
zirconium by acidifying with HNO,, evaporating almost to dryness, and 
adding Na,HPO, solution: only a trifling precipitate separated, thus proving 
that the precipitation of the zirconium had been complete. 
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P. 52, N. 5: Action of NaOH on Uranyl Salts.—A solution containing 
5 mgm. U as UO,Cl, and a little HCl in 15 ccm. was neutralized with 
10% NaOH solution, and an excess. of 2 or 3 ccm. was added: a small 
yellowish precipitate separated. This was filtered off and the filtrate was 
tested for uranium by acidifying and adding NH,OH: a small precipitate 
separated, which was estimated to contain I or 2 mgm. U.—The experi- 
ment was repeated, except that the mixture containing NaOH was boiled 
for a minute or two: nearly all of the precipitate which had formed in 
the cold was redissolved. Therefore the uranium is not completely pre- 
cipitated by a small excess of NaOH.—50 mgm. U as UO,(NO,), were 
added to 30 ccm. 10% NaOH solution, and the mixture was heated to 
boiling, cooled, and poured through a hardened filter; half of the filtrate 
was tested for uranium as above: only a small precipitate of (NH,),U.O, 
separated, showing that a large proportion of the uranium had been pre- 
cipitated by the concentrated alkali. , 

Composition of Sodium Aluminate, Zincate, Beryllate, and Chromite.— 
For the evidence that sodium aluminate in solution has the formula, 
Na‘AlO,, see Noyes and Whitney (Z. physik. Chem., 15, 694. 1894), 
Hantzsch (Z. anorg. Chem., 30, 296. 1902). Hantzsch has shown by means 
of conductivity measurements that a solution of the empirical composition 
Na,AlO, contains mainly NaOH and NaAlO, and some colloidal Al(OH),. 

Hantzsch (Z. anorg. Chem., 30, 298, 303. 1902) concluded from con- 
ductivity measurements that a 5}, molal solution of sodium zincate, even 
in the presence of a sevenfold excess of NaOH, is almost completely hydro- 
lyzed into NaOH and Zn(OH),, and that the latter is present as a colloid. 
Fisher and Herz (Z. anorg. Chem., 31, 355. 1902) confirmed this by dialy- 
sis experiments. Kunchert (Z. anorg. Chem., 41, 343-348. 1904), working 
with a larger excess of alkali, and using Bodlander’s electromotive force 
method, proved, however, that the solutions contained chiefly ZnO,= and some 
HZnO,.—Forster (Z. Electrochem., 6, 301. 1899) has prepared solid 
NaHZnO,,. 

Hantzsch (loc. cit.) concludes that H,BeO, is a very weak acid, weaker 
than HAIO,, but much stronger than H,ZnO,,. 

From dialysis and conductivity experiments Fisher and Herz (loc. cit.) 
conclude that in alkaline chromite solutions chromium is present almost solely 
as colloidal Cr(OH),. 

Behavior of Cobalt Hydroxide towards NaOH.—See Donath, Z. analyt. 
Chem., 40, 137 (1901).—An acid solution containing 100 mgm. Co as nitrate 
in 30 ccm. was neutralized with 10% NaOH and an excess of 15 ccm. added; 
2 grams Na,O, were added a little at a time to the cold solution, the mix- 
ture was boiled for 2 or 3 minutes, cooled, and filtered: the filtrate had a 
deep blue color. It was acidified, made alkaline with NH,OH, and H,S 
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was passed into it: a precipitate of CoS separated, which was estimated to 
contain 5-8 mgm. Co.—The experiment was repeated, except that no 
excess of NaOH was added: the filtrate was colorless and no cobalt was 
found in it.—This last experiment was repeated, except that 4.5 grams 
Na,O, were used instead of 2 grams: again the filtrate contained no cobalt. 
Therefore the blue (soluble) cobalt compound is formed only by the action 
of concentrated alkali on a cobaltous salt; and the cobalt is completely pre- 
cipitated if it is first oxidized to the cobaltic state by Na,O, in a weakly 
alkaline solution. 

The first experiment with the large excess of NaOH was repeated with 
100 mgm. Ni instead of Co: no nickel was found in the filtrate. 

P. 52, N. 6: Formation of Peruranates.—See P. Melikow and L. Pissar- 
jewsky, Z. physik. Chem., 28, 556 (1899).—A large number of salts are 
known in the solid state; e.g., UO,2Na,0,8H,O; UO,.2BaO,.8H,.O; UO,. 
2CaO,.10H,O, etc.. The salts of the alkali elements are soluble in water, 
the others insoluble. . These salts may be regarded as compounds of per- 
uranic anhydride, UO,, with peroxides of the other elements. They were 
prepared by the action of H,O, on solutions of uranyl salts in the presence 
of the hydroxides of the other elements. 

An HNO, solution containing 100 mgm. U as UO,(NO,), in 25 ccm. 
was treated by P. 52: the solution was yellow when acid, and a yellow 
precipitate separated on adding NaOH; on adding Na,O, (3 grams) and 
boiling a deep red solution resulted. This solution was acidified with HNO,: 
it became yellow. To a portion of it was added a little TiCl, in HCl solu- 
tion: an orange-red color resulted, proving the presence of free H,O,,. 
Therefore the uranium is oxidized by Na,O, to a soluble “peruranate,” 
which is stable in the strong alkali, but apparently decomposes readily in 
the acid solution with formation of H,O, and a uranyl salt.—The experi- 
ment was repeated, except that only about 0.5 gram Na,O, was added: 
a yellow uranium precipitate remained, but the solution contained a large 
proportion of the uranium. 

P. 52, N. 7: Complete Decomposition of Na,O, by Boiling.—2 grams 
‘a,O, were added to a neutral solution containing 0.5 gram NaCl in 
30 ccm., the mixture was heated to boiling, boiled for 1 minute, cooled, 
ecidified with HNO,, and tested with TiCl, solution for H,O,; the solution 
remained colorless:—The experiment was repeated with 100 mgm. Mn as 
MnCl,, the MnO, being filtered off before the filtrate was made acid: 
it contained no H,O,.—The experiment was repeated with 100 mgm. V 
as Na,VO,: the result was the same.—See the preceding paragraph as to 
the effect of uranium. 

Precipitation of Thallium by Sodium Peroxide.—1, 3, and 20 mgm. Tl 
as TI1(NO,), were treated in separate experiments by P. 52: brown pre- 
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cipitates separated in each case on adding NaOH, and remained after the 
treatment with Na,O,. The solutions, which were filtered off almost imme- 
diately after diluting, were found to contain about 0.5, 1, and 2-3 mgm., 
respectively.—1 mgm. Tl as T1,SO, was treated by P. 52: no precipitate 
separated on adding NaOH; there was a slight coloration on adding Na,O, 
but no precipitate remained upon boiling; when, however, the solution was 
set aside to cool, a good precipitate separated in Io or 15 minutes, and the 
filtrate was found to contain only 0.2 to 0.4 mgm. Tl.—A mixture con- 
taining 1 mgm. Tl as TICI, 200 mgm. Fe as FeCl,, 200 mgm. Mn as MnCl, 
and 200 mgm. Al as AICI, was treated by P. 52; the filtrate was evaporated 
nearly to dryness and tested for thallium by *P. 65d: no precipitate of 
TII separated. 

P. 52, N. 8: Necessity of Adding Na,CO, to Precipitate Barium.—1 and 
2 mgm. Ba as BaCl, were treated by P. 52, the final volume being about 
30 ccm.: on boiling, a precipitate which was proved to contain barium 
appeared in both experiments, but it was very slight in that with 1 mgm. 
—These experiments were repeated, except that no Na,CO, was added: 
no precipitates appeared on boiling. 

2 mgm. Cr and 100 mgm. Ba as chlorides were treated by P. 52, except 
that no Na,CO, was added: the filtrate was colorless, and the solution 
obtained on dissolving the precipitate in HNO, was yellow, showing that 
the chromium had been precipitated as BaCrO,.—The experiment was 
repeated with 1 mgm. Cr and 100 mgm. Ba, except that Na,CO, was added: 
the filtrate was yellow, showing that the addition of Na,CO, causes chromium 
to pass into the filtrate even when a large amount of barium is present. 

Solubility of Zinc Carbonate in NaOH.—5o mgm. Zn as nitrate were 
dissolved in 20 ccm. water and an equivalent amount of Na,CO, added: a 
white precipitate separated. 5 ccm. 10% more NaOH solution were added: 
the precipitate dissolved. 5 ccm. more NaOH and Io ccm. 10% Na,CO, 
solution were added, and the mixture heated to boiling: no precipitate 
separated. More Na,CO, was added: a precipitate finally formed. 

P. 52, N. 9: Solubility of the Phosphates of Aluminum and Zinc in 
NaOH.—1i100 mgm. Zn and 100 mgm. Al as phosphates were dissolved in 
separate experiments in 25 ccm. water and a very little HNO, (1.20); 10% 
NaOH was added slowly: precipitates separated but dissolved when an 
excess of about 4 ccm. had been added. 

Partial Decomposition of Phosphates on Treating with Sodium Hydrox- 
ide.—50 mgm. Mg, 50 mgm. Ca, and 20 mgm. (ferric) Fe, all as freshly 
precipitated phosphates, were boiled separately with about 30 ccm. 4% NaOH 
solution for 3 or 4 minutes in covered casseroles; the mixtures were fil- 
tered, the precipitates being washed with dilute NaOH. The filtrates were 
made strongly acid with HNO,, and the precipitates were dissolved in HNO,. 
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Each solution was evaporated to a small volume and treated with several 
ccm. ammonium molybdate solution. The amount of phosphate in each solu- 
tion was estimated by the amount of yellow precipitate that had separated 
out after several hours: in the case of magnesium only a very small pro- 
portion of the phosphate remaining in the precipitate; in the case of the 
iron about one-fifth remained in the precipitate; and in the case of calcium 
the phosphate was about equally divided between precipitate and filtrate. 

Behavior of Calcium Borate and Oxalate towards Sodium Hydroxide.— 
A mixture containing 100 mgm. Ca as CaCl, and 80 mgm. BO, as H,BO, was. 
treated by P. 52; the precipitate was tested for borate by adding to it in a 
casserole H,SO, (1.84) and alcohol, igniting the alcohol and stirring vigor- 
ously: no green color appeared. The filtrate was acidified with H,SO,, 
evaporated, and tested in the same way: a large amount of borate was 
found. A trial experiment showed that 5 mgm. BO, could easily be detected 
in this way. 

A mixture containing 500 mgm. Fe as FeCl,, 500 mgm. C,O, as oxalic 
acid, and 100 mgm. Ca as CaCl, was treated by P. 52; the filtrate was 
analyzed for oxalate by acidifying, adding NH,OH and CaCl,: a very 
large precipitate of calcium oxalate separated.—The experiment was re- 
peated with 300 mgm. Ca and 500 mgm. C,O, (but no iron): the result 
was the same. The precipitate was tested for oxalate by dissolving it in 
HCl, and adding NH,OH: a small precipitate separated, showing that a 
large proportion of the oxalate had passed into the filtrate. 

Decomposition of Oxalic Acid by Acids.—10 and 100 mgm. oxalic acid 
were treated separately by P. 61, about 1 gram KCIO, being added to the 
concentrated HNO, solution. The solutions were finally evaporated to almost 
5 ccm., diluted to 30 ccm., neutralized with NH,OH, and tested for oxalate 
by adding 10 ccm. of 10% Ca(NO,), solution: no precipitate separated 
in either experiment.—The experiment with 10 mgm. oxalic acid was 
repeated, except that no KCIO, was added to the HNO, solution: a pre- 
cipitate containing about 3 mgm. oxalic acid resulted.—1o0 mgm. oxalic acid 
were added to 15 ccm. HCl (1.20), the mixture was evaporated to 2 or 
3 ccm., diluted and tested for oxalic acid as above: a precipitate of calcium 
oxalate separated that was estimated to correspond to 3 or 4 mgm. oxalic 
acid.— The experiment was repeated with aqua regia instead of HCl (1.20): 
somewhat more oxalic acid was decomposed, but at least 2 mgm. remained. 
—These experiments prove that the decomposition of oxalic acid is very 
rapid in a hot mixture of HNO, and HCI1O,, much slower in aqua regia, 
and still slower in HCl (1.20) or HNO, (1.42). 

P. 52, N. 10: Color of Alkaline Solutions of Sodium Chromate and 
Peruranate.—1 mgm. Cr as KCr(SO,), was treated by P. 52, the final volume 
being about 30 ccm.: the yellow color of the solution was easily seen. 
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1 mgm. U as UO,(NO,), was treated by P. 52, the final volume being 
about 15 ccm.; the solution was distinctly yellow.—The experiment was 
repeated with 5 mgm. U; the solution had a reddish tinge. It was diluted 
to 30 ccm.: the reddish color changed to yellow. 

Color of Vanadium Solutions.—100 mgm. V as Na,VO, were added to 
a little concentrated HCl, and the mixture was evaporated to a small 
volume: the solution was at first orange-yellow, but turned greenish blue 
on evaporation with HCl, showing reduction of the vanadium to the quad- 
rivalent state. Excess of concentrated HNO, was added and the mixture 
again evaporated to a small volume: the solution rapidly became yellow 
and then deep red, doubtless owing to the formation of vanadic acid. On 
diluting to about 20 ccm. it became yellow. The solution was neutralized 
with 10% NaOH solution: a small yellow precipitate separated during the 
neutralization, but dissolved on the addition of a little more NaOH; the 
alkaline solution was of a deeper yellow color than the dilute HNO, solu- 
tion. Na,O, was added: no change was observed. The mixture was boiled 
for I minute: the solution became colorless. The solution was cooled and 
made acid with HNO,: it became yellow, the color being deepest at the 
neutral point. To a portion of this acid solution were added 50 mgm. Ti 
as TiCl,: no change in color was observed, showing that the Na,O, had 
been completely decomposed and that no pervanadate had remained in the 
alkaline solution after boiling. Diullberg (Z. physik. Chem., 45, 172. 1903) 
considers that the yellow color is due to HV,O,=, an ion of the tetrabasic 
hexavanadic acid, H,V,O,, (see C. E., *P. 58a, N. 5). 

P. 52, N. 11: Division of Zinc in the Sodium Peroxide Treatment.— 
500 mgm. Fe as FeSO, and 10 mgm. Zn as ZnCl, were treated by P. 52, 
the final volume being about 30 ccm.; the filtrate was tested for zine by 
P. 53 and 57: only about 3 mgm. Zn were found, showing that the remainder 
had been carried down with the Fe(OH),.—The experiment was repeated 
with 5 mgm. Zn as ZnCl,: only a trace of zinc was found in the filtrate. 
+The last experiment (with 5 mgm. Zn) was repeated, except that a large 
excess of NaOH was added before the Na,O,: 1-2 mgm. Zn were found 
in the filtrate. The precipitate of Fe(OH), was analyzed by P. 64, 66, 
and 67: the remainder of the zinc was found. 

500 mgm. Mn as MnCl, and 10 mgm. Zn as ZnCl, were treated by 
P..52, and the filtrate was tested for zinc by P. 53 and 57; no zinc was 
found.—The experiment was repeated with 20 mgm. Zn: a very small 
precipitate of ZnS was obtained in P. 57, which contained less than 0.5 mgm. 
Zn. On analyzing the precipitate by P. 61, 64, 66, and 67 the zinc was 
found. Therefore nearly 20 mgm. zinc may be completely carried down 
when 500 mgm. Mn are present. The experiment was repeated with 
Io mgm. Zn, except that the acid solution was poured into a fairly concen- 
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trated NaOH solution in P. 52: about 0.3 mgm. Zn was found in the 
filtrate, showing that a little zinc remains in the filtrate in this case. 

For the fact that zinc is carried down with nickel and cobalt, see 
T. A., No. 140-143. 

Separation of Vanadium from Manganese.—A mixture containing 250 
mgm. Mn as nitrate and 1 mgm. V as Na,VO, was treated by P. 52; the 
filtrate was tested for vanadium by *P. 58¢: a very good test was obtained. 

P. 53, N. 1: Solubility of Zinc Phosphate, Carbonate, and Oxalate in 
Ammonium Hydroxide.—100 mgm. Zn as ZnSO, along with an equivalent 
amount of sodium phosphate, sodium carbonate, or oxalic acid were dissolved 
in separate experiments in about 2 ccm. HNO, (1.20) and about 30 ccm. cold 
water. The solutions were neutralized with NH,OH (0.96) and an excess 
of about 3 ccm. added: clear solutions were obtained in each case. 

P. 54, N. 1-3: Confirmatory Test for Aluminum.—See Knoevenagel, 
Praktikum des anorg. Chemikers, page 160. 

0.5 mgm. Al and 0.2 mgm. Co as nitrates were treated by P. 54: the 
ash retained the form in which the filter paper was rolled and had a 
brilliant blue color. The experiment was repeated with 0.2 mgm. Al and 
o.1 mgm. Co: the residue was distinctly blue. The experiment was repeated 
with 0.1 mgm. Al and 0.1 mgm. Co: no blue color was apparent. 

Effect of Other Elements upon the Confirmatory Test for Aluminum. 
—o.5 mgm. Al and 0.2 mgm. Co as nitrates were treated by P. 54, except 
that I mgm. Fe as Fe,(NO,), was also added: the residue was brown. 
This experiment was repeated with 1 mgm. Al: the residue was partly blue. 
The experiment was repeated with 2 mgm. Fe and 1 mgm. AI: the blue 
color could scarcely be distinguished. 

The experiment with 0.5 Al was repeated in the presence of I mgm. 
Be as Be(NO,),: the residue was blue. The experiment was repeated with 
5 mgm. Be: a satisfactory test for aluminum was obtained.—The experi- 
ment with 1 mgm. Al was repeated in the presence of 5 mgm. Be and also 
of 10 mgm. Be as nitrate: a fair test for aluminum was obtained in the 
presence of 5 mgm. Be, but none with 10 mgm. Be. In the latter case 
the paper and ash disintegrated. 

I mgm. Al as nitrate was treated by P. 54, in the presence of I, 2, and 
5 mgm. U as UO,(NO,),, respectively: a slight test for aluminum was 
obtained in the first experiment, a very poor one in the second, and none 
in the third. The experiment was repeated with 0.5 Al and 1 mgm. U: 
the test was very poor. 

The experiment was repeated with I mgm. Al and 5 mgm. V as Na,VO,: 
the residue was distinctly blue. 

0.5 mgm. Al as Al,(PO,), and 0.2 mgm. Co as nitrate were treated by 
P. 54: the residue was blue. 
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1 mgm. Al as nitrate was precipitated by adding to it NaHCO, solution 
and boiling. The precipitate was filtered off, washed once, and treated by 
P. 54. The ash fused together into a small mass and no blue color was 
apparent.—1 mgm. Al and about 5 mgm. Na as nitrates were then treated 
by P. 54: the result was the same, showing that the failure in the first 
experiment had been due to the presence of a sodium salt. 

50 mgm. SiO, as Na,SiO, were dissolved in about 2 ccm. HNO, (1.20) 
and 30 ccm. water, heated to boiling, and made alkaline with NH,OH: 
the solution slowly became turbid, and a gelatinous precipitate separated. 
This was collected on a filter, washed, and a portion of hot HNO, (1.20) 
was poured through the filter two or three times: the silica did not dis- 
solve. The HNO, solution was tested for aluminum by P. 54, 0.5 mgm. 
Co as nitrate being added: the residue was black.—The experiment was 
repeated, except that 2 mgm. Al as nitrate were also present: a fair test 
for aluminum was obtained. 

P. 56, N. 1: Test for Chromate with Hydrogen Peroxide.—For the con- 
stitution and properties of perchromic acid and of other perchromates, see 
Riesenfeld, Ber., 38, 1885, 3380, 3578, and 4068 (1905). 

In a series of test tubes, each of which contained 0.3 mgm. Cr as K,CrO,, 
were placed 0, 0.5, 2, 5, 10, and 20 ccm. HNO, (1.20); each solution was 
diluted to 20 ccm. 3-5 ccm. ether and 2 ccm. H,O, (3%) were added and 
the solutions were shaken: in the solution containing no acid and in the 
solutions containing 5, 10, and 20 ccm. acid, no blue color was obtained; but 
the remaining two solutions became blue at once, and the blue compound 
was extracted by the ether on shaking. In the solution containing 2 ccm. 
HNO,, the color in the ether layer in contact with the solution disappeared 
in about half an hour on standing; the color was more brilliant and 
remained for a longer time in the experiment with 0.5 ccm. HNO,.—The 
experiment was repeated with H,SO, (1.20) instead of HNO,: no color 
was obtained with no acid or with 10 and 20 ccm. of it; the most brilliant 
and most permanent color was obtained in the experiment with 0.5 ccm. 
acid.—The experiment was repeated with 30% acetic acid: in this case the 
best tests were obtained in the solutions containing 10 and 20 ccm. of acid; 
with the more delicate solutions only a faint blue color was obtained. 

Another series of experiments was performed with solutions that con- 
tained 0.3 mgm. Cr as K,CrO,, and 2 ccm. HNO, (1.20) in about 20 ccm.; 
3 ccm. ether and varying amounts of H,O, (3%) were added: with 10 ccm. 
H,O, no test was obtained, with 5 ccm. a slight one, with 2 ccm. a good 
test, but with 0.5 ccm. H,O, a much better one. 

In all of these experiments in which the blue perchromic acid was 
formed the blue color disappeared completely in less than 1 hour. In some 
of them the solution was warmed to 50 or 60°: the blue color disappeared 
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very rapidly. These experiments prove that perchromic acid is a very 
unstable substance even in the absence of an excess of H* or of H,O,, 
and is still more so at higher temperatures. 

Delicacy of the Confirmatory Test for Chromate.—To a solution con- 
taining 0.5 ccm. Cr as K,CrO, in 100 ccm. was added a little ammonium 
acetate solution, 2 ccm. acetic acid, and 1 gram BaCl,: a yellow precipitate 
separated at once. This was collected on a filter and treated by P. 56: 
upon the addition of H,O, and ether, a distinct blue color resulted.—The 
experiment was repeated with 0.2 mgm. Cr: a slight but distinct precipitate 
and color were obtained. 

Reduction of Chromic Acid by Filter Paper.—1o mgm. Cr as K,CrO, 
were precipitated as lead chromate, and the mixture filtered. The pre- 
cipitate, with the filter, was placed in a casserole; 10 ccm. water and 5 ccm. 
HNO, (1.20) were added, and the mixture was boiled. The solution turned 
green in about I minute, thus showing that reduction takes place readily. 

P. 57, N. 3: Ignition Test for Zinc with Cobalt Nitrate.—o.1, 0.2, and 
ro mgm. Zn as Zn(NO,), were treated as described in the second paragraph 
of P. 57, 0.2 mgm. Co as nitrate being used in each experiment: a distinct 
green color resulted in the experiment with 0.1 mgm. Zn, a deeper color 
with 0.2 mgm., and an intense color with 10 mgm.—1 mgm. Zn and 2 mgm. 
Co as nitrates were treated as described in the last paragraph of P. 57: 
the residue was green. The residue was then heated strongly: it turned 
black, showing that when an excess of cobalt is present the test is more 
delicate if the mixture is not heated strongly.—The experiment was 
repeated with 2 mgm. Cr and 1 mgm. Zn: a green color resulted, which 
remained after the residue had been heated strongly. 

A solution containing 5 mgm. Zn and 0.5 mgm. Co in HNO, was evap- 
orated to dryness in a casserole and the mixture was ignited, first gently 
and then strongly: the residue was black, owing to the presence of cobalt 
oxide.—o.3 mgm. Zn and 0.2 mgm. Co as nitrates were treated by the 
last paragraph of P. 57, except that 5 ccm. of 10% Na,CO, solution were 
added: only a very faint green color resulted.— The experiment was repeated, 
except that only 3 drops of Na,CO, solution were added in excess: the green 
color was mixed with black.—The experiment was repeated, with an excess 
of 1 ccm. and also with an excess of 0.5 ccm. Na,CO, solution: a distinct 
green color was obtained.—These experiments show that some Na,CO, must 
be added, but only a moderate quantity. 

A solution containing 0.3 mgm. Zn and 0.2 mgm. Co as chlorides and 
an excess of HCl was treated by P. 57 (last paragraph), no HNO, being 
added: the residue had no distinct color, showing that HCl cannot be 
substituted for HNO,. 

*P. 58a, N. 3: Composition of the Zinc and Beryllium Precipitates Pro- 
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duced by Sodium: Hydrogen Carbonate.—500: mgm. Zn as nitrate were 
treated by *P. 58a, using a total volume of 100 ccm. The precipitate was 
carefully washed with water and tested for carbonate in the usual way by 
treating with acid in a flask and passing the gas evolved through Ba(OH), 
solution. A large precipitate of BaCO, was obtained which corresponded 
to at least 200-300 mgm. Zn.—The experiment was repeated with 200 mgm. 
Be: a large amount of carbonate was also found in the beryllium precip- 
itate, the precipitate of BaCO, being about twice as large as in the experi- 
ment with zinc. Parsons states, J. Am. Chem. Soc., 28, 557 (1906), that 
the precipitate obtained in a dilute ammonium carbonate solution is a basic 
carbonate of beryllium. 

Precipitation of Aluminum in Hot Sodium Hydrogen Carbonate Solutions 
in a Closed Bottle.—Solutions containing 2 mgm. Al as nitrate in 100 ccm. 
were placed in pressure bottles and 2, 5, and 10 mgm. NaHCO, added: 
each of the three solutions quickly became turbid in the cold. The bottles 
were heated at about 95° in a water bath for half an hour: a flocculent 
precipitate formed in each case in less than 5 minutes and settled in less 
than 20 minutes. The bottles were cooled anc the precipitates filtered off; 
the filtrates were evaporated with excess of HNO, and tested for aluminum 
with NH,OH: little or no precipitate separated, showing that the precipita- 
tion of the aluminum had been practically complete in each case.—The 
experiments were repeated with 1, 1/4, 1/16, and 1/32 grams NaHCO,: 
the results were the same, except that the precipitation was not complete 
with 1/32 gram NaHCO,.—The experiment was repeated with 1/64 gram 
NaHCoO,: no precipitate was obtained.— These experiments were repeated, 
except that the solution was thoroughly saturated with CO, gas before adding 
the NaHCO,: the results were nearly the same. 

A solution containing 500 mgm. Al as nitrate in 100 ccm. was placed in 
a bottle and 4 grams NaHCO, added: there was a violent evolution of CO, 
gas, a small precipitate formed, and the solution still reacted acid to litmus. 
I gram more NaHCO, was added: a very large precipitate separated, very 
little gas came off, and the solution after shaking did not turn blue litmus 
red. The mixture was heated in the closed bottle at 95° in a water bath 
for half an hour, cooled, and filtered: the filtrate was found to contain no 
aluminum. Therefore 5co mgm. Al are completely precipitated when about 
5 grams NaHCO, are added in 100 ccm. of solution. 

Precipitation of Zinc Carbonate in Hot Sodium Hydrogen Carbonate 
Solutions.—Four solutions, each containing 2 mgm. Zn as nitrate, dissolved 
in 100 ccm. were poured into strong 200 ccm. bottles; to these were added 
I, 2, 3, and 5 grams, respectively, of solid NaHCO,; the bottles were corked 
and shaken until the NaHCO, dissolved; they were then heated in a water 
bath at go-95° for half an hour: all the solutions became slightly turbid 
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in the cold, and after heating for 5 minutes precipitates could be seen in 
suspension. After the half-hour’s heating the bottles were allowed to cool 
to about 40°, and the solutions containing I and 5 grams NaHCO, were 
filtered and tested for zinc by evaporating with HNO,, adding NH,OH and 
acetic acid and passing in H,S: only a trace of zinc was found in each fil- 
trate, thus showing that the precipitation was practically complete in both 
1% and 5% NaHCO, solutions.—The experiments with I and 2 grams 
NaHCO, were repeated, except that the solutions were thoréughly saturated 
with CO, gas at room temperature before the NaH€O, portions were added: 
the results were the same. 

The experiment was repeated with a solution containing 500 mgm. Zn as 
nitrate in 100 ccm., 2 grams NaHCO, being added: no precipitate of ZnS 
separated.— The experiment was repeated with 500 mgm. Zn and 1.5 grams 
NaHCO,: about 5 mgm. Zn were found in the filtrate, showing that 1.5 
grams NaHCO, is not quite sufficient to precipitate 500 mgm. Zn completely. 

Precipitation of Beryllium in Hot Sodium Hydrogen Carbonate Solutions 
in a Closed Bottle:-—A solution containing I mgm. Be as nitrate in 100 ccm. 
was placed in a 200 ccm. bottle; 1 gram NaHCO, was added, and the 
mixture was digested in the tightly stoppered bottle at about 95° in a 
water bath for half an hour: the solution became turbid in less than 
5 minutes and a precipitate’ separated in 10 minutes; on standing in the cold 
for an hour the precipitate seemed to redissolve to a small extent.—The 
experiment was repeated with a solution that was saturated with CO, gas 
before the NaHCO, was added: the result was the same.-—These experi- 
ments were repeated with 1 mgm. Be and 2 grams NaHCO,: the mixture 
that had been saturated with CO, was distinctly turbid in 15 minutes, 
while the other was only very slightly turbid after half an hour. The 
solutions cleared on standing for an hour in the cold.—The last experi- 
ments were repeated with 2 mgm. Be and 2 grams NaHCO,: distinct 
precipitates were obtained corresponding to about I mgm. Be, but these 
redissolved to a considerable extent in the cold. 

These experiments were repeated with solutions containing 3-10 grams 
NaHCO, in 100 ccm. of solution and varying quantities of beryllium: in 
the 3% NaHCO, solution 3 mgm. Be gave no precipitate, but a larger 
amount did so; in the 5% solution about 15 mgm. Be just remained in 
solution in 100 cem.; and in the 10% solution about 75 mgm. Be gave a 
small precipitate in 50 ccm., while 50 mgm. Be gave only a negligible 
precipitate. 

Solubility of Uranyl Vanadate in Sodium Hydrogen Carbonate Solu- 
tions.— Solutions containing 100 mgm. U as UO,(NO,), and 60 mgm. V 
as Na,VO, were mixed, a few drops HNO, (1.20) were added to dissolve 
the precipitate, the mixture was diluted to 100 cem., 2 grams NaHCO, 
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were added, and the mixture was digested in a closed bottle at 95° for 
half an hour: no precipitate separated. The mixture was cooled down, 
40 mgm. V as Na,VO, were added, making 100 mgm. in all, and the mixture 
was again heated at 95° for half an hour: no precipitate separated in 
the hot solution nor in the cold on standing several days. —The experiment 
was repeated with 100 mgm. U and 100 mgm. V, except that the mixture 
was first treated with NaOH and Na,0O, by P. 52, and that 1.5 grams NaHCO, 
were used instead of 2 grams: the result was nearly the same.—100 mgm. 
U as UO,(NO,)., 100 mgm. V as Na,VO,, and 3 grams NaNO, were treated 
by *P. 58a, 1 gram excess of NaHCO, being added: a precipitate formed 
on adding NaHCO,, and a considerablé one remained after heating the 
mixture at 100° in a closed bottle for 30 minutes. The precipitate and 
filtrate were analyzed for uranium and vanadium by *P. 58c-58e: the filtrate 
was found to contain 35-40 mgm. of uranium and all but 10 or 15 mgm. 
of the vanadium. 

The last experiment was repeated, except that the mixture was warmed 
in a flask at 95° (without allowing it to boil) for 30 minutes: the pre- 
cipitate that remained was smaller and contained only 10-20 mgm. U and 
2-5 mgm. V.—The last experiment was repeated, except that the mixture 
was boiled for 1 minute in an open flask: the precipitate dissolved com- 
pletely, and no precipitate formed on cooling, even in 24 hours, showing 
that uranyl vanadate is more soluble in slightly alkaline carbonate solutions 
than in those from which the CO, is prevented from escaping. 

An acid solution containing 50 mgm. V as Na,VO, and 50 mgm. U as 
UO,(NO,), was diluted to 100 ccm. and neutralized by adding a little 
powdered NaHCO,. Then 0.5 gram NaHCO, was added and the mixture 
was heated in a pressure bottle at 95° for half an hour: on heating, a 
large precipitate remained.—To a solution containing I00 mgm. V as 
Na,VO,, 20 mgm. U as UO,(NO,), and a known excess of HNO, (1.20) 
in 50 ccm. (instead of 100 ccm.) was added just sufficient NaHCO, to 
leave I gram undecomposed NaHCO,. The mixture was heated in a closed 
bottle at 95° for half an hour: no precipitate separated. To this solution, 
after cooling, were added 20 mgm. more U, and the mixture was again 
heated at 95°: a large precipitate separated in the cold and remained on 
heating. —The experiment was repeated with 100 mgm. U and 10 mgm. V: 
no precipitate separated. Io mgm. more V were added and the heating 
repeated: a large precipitate separated in the cold and remained on heat- 
ing.—The last experiment was repeated with 100 mgm. V and 100 mgm. U, 
and the precipitate and filtrate were analyzed for uranium and vanadium 
by *P. 58c-58¢: the filtrate was found to contain 20 or 30 mgm. of uranium 
and all but a few milligrams of the vanadium. 

Non-Precipitation of Uranyl Chromate, Phosphate, and Oxalate in the 
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NaHCO, Procedure.—To a solution containing 100 mgm. U as UO,(NO,), 
200 mgm. Cr as K,CrO, and a known (small) amount of HNO, (1.20) in 
100 ccm. was added enough NaHCO, to leave 1 gram of the undecomposed 
carbonate; the mixture was heated in a closed bottle at 95° for half an 
hour: no precipitate separated.—A solution containing 100 mgm. U as 
UO,(NO,), and 100 mgm. PO, as NaHPO, was treated by P. 52 and then 
by *P. 58a: no precipitate separated in the NaHCO, procedure. After 
cooling, an additional 250 mgm. portion of PO, was added and the heating 
repeated: no precipitate separated.—The experiment was repeated with 
100 mgm. V as Na,VO, and 200 mgm. oxalic acid: no precipitate separated. 

*P. 58a, N. 4: Precipitation of Aluminum, Zinc, and Beryllium in Hot 
Sodium Hydrogen Carbonate Solutions in Open Flasks.—2 mgm. Al as 
nitrate and 3 grams NaNO, were dissolved in 100 ccm. water; a little 
NaHCO, was added until the mixture after shaking just ceased to react 
acid to litmus paper; I gram more was added; the mixture was heated to 
about go° and digested at this temperature in a covered flask on a water 
bath for half an hour: the precipitate slowly dissolved, except a few small 
flakes. The mixture was filtered while hot, and the filtrate tested for 
aluminum by acidifying with acetic acid, adding Na,HPO, and heating to 
boiling: almost all the aluminum was found in the filtrate-—This experi- 
ment was repeated twice with 2 mgm. and with I mgm.: the results were 
the same.—The experiment was repeated twice with 20 mgm. Al: the 
filtrate contained less than 1 mgm. Al. 

The experiments with 2 and 20 mgm. were repeated, except that CO, 
gas was passed through the mixture: the results were nearly the same, 
except that the filtrate may have contained somewhat more aluminum, 
showing that there is no advantage in using CO, gas. 

The experiment with 20 mgm. Al was repeated, except that the mixture 
was boiled for 1 minute: the filtrate contained 3 or 4 mgm. Al.—The 
experiment was repeated, except that the mixture was allowed to cool before 
filtering: the filtrate contained about I mgm. Al.—The experiment was 
repeated with 4 mgm. Al: the precipitate disappeared completely on boiling, 
but a precipitate separated out on cooling.—The experiment was repeated 
with 6 mgm. Al: a very small precipitate remained on boiling 1- minute. 

I mgm. Zn as nitrate and 2 grams NaNO, were dissolved in 100 ccm., 
I gram excess NaHCO, was added, and the mixture boiled in a flask for 
I minute: the precipitate did not dissolve and was proved to contain zinc 
by P. 53-57.—The experiment was repeated with 20 mgm. Zn, the filtrate 
being tested for zinc by acidifying with HNO,, boiling, adding NH,OH, 
and passing in H,S: no precipitate formed, showing that the zinc was 
completely precipitated. 


10 mgm. Be as chloride and 2 grams NaNO, were dissolved in 100 ccm. 
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water, NaHCO, was added until the mixture after shaking just ceased 
to react acid to litmus paper; I gram more was added; the mixture was 
boiled for 1 minute, and filtered while hot; the filtrate was acidified with 
HNO,, evaporated to about 15 ccm., and tested for beryllium by adding 
NH,OH: the filtrate contained only about 0.1 mgm. Be.—The experiment 
was repeated, except that the mixture was allowed to cool before filtering: 
the filtrate contained about 0.3 mgm. Be.—The experiment was repeated 
with 1 mgm. Be: the precipitate remained, on boiling, for I minute and 
did not disappear on standing in the cold for several hours. 

These experiments were repeated with solutions containing from 14 to 
5 grams NaHCO, in 100 ccm. of solution and varying quantities of beryllium: 
ina 1%% NaHCO, solution with 1 mgm. Be little or no precipitate remained 
on boiling 1 minute; in a 2% solution no precipitate remained with 2 mgm. 
Be, but one remained with 4 mgm.; in a 3% solution 40 mgm. Be dissolved 
almost completely, but 50 mgm. gave a large precipitate. A comparison 
of these results with those obtained in a similar series of experiments in 
closed bottles (C. E., N. 3, above) shows that considerably more beryllium 
dissolves in concentrated NaHCO, solutions when the CO, is allowed to 
escape. 

*P. 58a, N. 5: Precipitation of Uranium with Aluminum or Beryllium 
in Hot Dilute Sodium Hydrogen Carbonate Solution.—See T. A., No. 166— 
170. In an analysis with 200 mgm. Al and Io mgm. U, starting at *P. 58a, 
I or 2 mgm. U were found in *P. 58c and 58d. 

*P. 58a, N. 6: Dissociation Relations of Carbonic Acid.—See McCoy, 
Am. Chem. J., 29, 437 (1903). 

Dissociation Relations of Chromic Acid.—See Spitalsky, Z. anorg. Chem., 
54, 265 (1907), and Sherrill, J. Am. Chem. Soc., 29, 1641 (1907). The 
work of the latter shows that H,CrO, dissociates in steps, first into HCrO, 
and then into CrO,-, that the HCrO, is a very weak acid, and that the 
latter even in dilute solution is converted by dehydration in large measure, 
but by no means wholly, into dichromate-ion (Cr,O,). 

Condition of Vanadates and Vanadic Acid in Solution.—See Diillberg, 
Z. physik. Chem., 45, 129-181 (1903). He considers that in a solution of 
the composition of Na,VO,, which reacts strongly alkaline, the salt is 
largely hydrolyzed according to the reaction: 2Na,VO, + H,O =2NaOH + 
Na,V,O,, but his evidence is not convincing.—On adding HCl slowly the 
results indicate the presence of a tetrabasic acid, H,V,O,,. This is a 
strong acid, two of the hydrogens splitting off nearly completely in dilute 
solutions, and the third one to a considerable extent. The yellow color is 
probably due to the ion HV,O,,*. The transition of one form of vanadic 
acid into another takes place readily, the final equilibrium state being 
reached fairly quickly. Conductivity and freezing-point determinations 
make it probable that the formula of sodium metavanadate is (Na*),V,O,*. 
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Partial Decomposition of H,O, in the NaHCO, Treatment.—A mixture 
containing 100 mgm. U as UO,(NO,), and 100 mgm. V as Na,VO, was 
treated by P. 52 and *P. 58a and then was acidified with HNO,: the acid 
solution before adding the NaHCO, was red, owing to the presence of 
pervanadic acid, indicating the presence of much H,O,; on neutralizing with 
NaHCO, it became yellow; and the final HNO, solution was also pale yellow. 
The solution was tested for H,O, with a titanium solution: a distinct color 
was obtained. These results show that much but not all of the H,O, had 
been decomposed. 

*P. 58b, N. 2: Detection of Chromic Acid in the Presence of Uranium 
and Vanadium by H,O,.—A mixture containing 1 mgm. Cr, 100 mgm. U, 
100 mgm. Zn and 100 mgm. Al as nitrates, and 100 mgm. V as Na,VO, 
was treated with NaOH and Na,O, by P. 52: a deep red solution resulted, 
and there was no residue. The solution was made acid with HNO,, being 
cooled carefully during the process. Just enough acid was added to dis- 
solve the precipitate that formed. To about one-fourth of the solution in 
a test tube was added a little ether and about 1 ccm. H,O,: the ether layer 
became blue. The water layer was red before H,O, was added, showing 
the presence of pervanadic acid.— The experiment was repeated with 2 mgm. 
Cr, 100 mgm. U, and 100 mgm. V: the result was the same.— After testing 
for chromium the remainder of the solution was treated by *P. 58a, the 
solution was cooled, made just acid with HNO,, and one-tenth of it tested 
for chromic acid with H,O,: a distinct blue color was obtained. The 
remainder of the solution was made somewhat more strongly acid and 
evaporated to half its volume; the test for chromic acid was then made 
with half the solution: no blue color was obtained, showing that the chromic 
acid had been reduced on boiling. 

Action of H,O, on Uranium Salts.—To 10 mgm. U as UO,(NO,), in 
20 ccm. were added 1 ccm. HNO, (1.20), I ccm. 3% H.O,, and a little 
ether: the yellow color of the solution did not change, and the ether layer 
remained colorless. , 

*P. 58b, N. 4: Precipitation of Chromate by Lead Nitrate.—Several 
solutions, each containing 0.5 mgm. Cr as K,CrO,, 2 grams NaNO,, and 
I gram NaHCO,, in 100 ccm. or 70 ccm. were made distinctly acid with 
HNO,, shaken to expel CO,, and neutralized exactly with NaOH; varying 
amounts of HNO, (1.20) were added, and finally known volumes of a 20% 
lead nitrate solution. The results are shown in the following table: 
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Initial woteme, | Volume sh HINO, | Yolune of nd 
100 ccm. 1% ccm. 10 ccm. Precipitate in 1 or 2 minutes 
100 ccm. 2% ccm. 20 ccm. Precipitate in 3 or 4 minutes 
100 ccm. 5 ccm, 30 ccm. No precipitate in 30 minutes 
70 ccm. 1% ccm. 10 ccm. Precipitate in 2 or 3 minutes 
70 ccm. 2% ccm, 10 ccm. Precipitate very slowly 
70 ccm. 2% ccm. 20 ccm. Precipitate in 3 to 5 minutes 














The last two experiments were repeated with 6 grams NaNO, (instead of 
2 grams): only very small precipitates were obtained in half an hour, 
even with 20 ccm. Pb(NO,), solution, showing that the presence of much 
NaNO, prevents the precipitation of PbCrO,,. 

Behavior of Vanadate and Uranate towards Lead Nitrate.— Several solu- 
tions, each containing 100 mgm. V as Na,VO,, 2 grams NaNO,, and 1 gram 
NaHCO,, in 100 ccm. were acidified with HNO,, shaken, and then neutral- 
ized exactly with NaOH; 1%-3 ccm. of HNO, (1.20) and 10-30 ccm. 
of a 20% lead nitrate solution were added and the mixture allowed to 
stand 30 minutes: with 3 ccm. HNO, there was no precipitate, even with 
30 ccm. Pb(NO,),; with 1% and 2 ccm. HNO, there was none with Io ccm. 
Pb(NO,),, but a small one with 20 ccm., which was, hoWever, very slight 
when 2 ccm. HNO, were used. The experiments were repeated with an 
initial volume of 70 ccm.; the results were nearly the same, except that 
the precipitates when formed were somewhat larger. 

A solution containing 100 mgm. U as UO,(NO,),, 2 grams NaNO,, 
and 1 gram NaHCO, in 100 ccm. was neutralized with HNO,, and an excess 
of 1 ccm. HNO, (1.20) was added; finally, 20 ccm. 20% Pb(NO,), were 
added: no precipitate separated in several hours. 

Precipitation of Aluminum, Beryllium, and Lead by Sodium Phosphate in 
*P. 58c.—0.5, 1, and 2 mgm. Al as nitrate, in solutions containing 2 grams 
NaNO,, 2 grams NH,NO,, 5 ccm. 30% acetic acid, and 2 grams NaHPO,. 
12H,O in a total volume of 100 ccm. were heated to boiling: flocculent white 
precipitates separated in each case, the results showing that this is a very 
good method of estimating small amounts of aluminum. 

The experiments were repeated with 0.5, 1, and 2 mgm. Be as chloride: 
flocculent white precipitates resulted, except in the experiment with 0.5 mgm. 
The filtrate in the experiment with 2 mgm. was estimated to contain about 
0.5 mgm. Be. 

The experiments were repeated with 1 and 2 mgm. Pb as nitrate: a 
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distinct precipitate was obtained with 2 mgm., but only a very small one 
with 1 mgm. Pb. 

Oxidation of Hypovanadic Acid by Bromine.—50 mgm. V as Na,VO, 
and 1 gram Pb as Pb(NO,), were dissolved in 2.5 ccm. HNO, (1.20) and 
100 ccm. water; the mixture was saturated with H,S in the cold, filtered, 
and the filtrate was boiled: the cold solution had a blue color, but on 
boiling, sulphur separated and the color became deeper. The sulphur was 
filtered off, bromine water added until the bromine odor was distinct after 
shaking, and the mixture was boiled: the color was still blue. A small 
excess of bromine was again added: the solution was still blue.—The 
experiment was repeated, except that several drops liquid bromine were 
added and the mixture shaken and allowed to stand 2 or 3 minutes; the 
bromine was then boiled off: the solution was yellow. The filtrate was 
treated by *P. 58c: no precipitate separated. 

Behavior of Vanadyl Salts and Vanadate towards Sodium Phosphate.— 
50 mgm. V as Na,VO, and 1 gram Pb as Pb(NO,), were dissolved in 2% ccm. 
HNO, (1.20) and 100 ccm. water; the mixture was saturated with H,S, fil- 
tered, boiled, and filtered again. The blue filtrate was treated by *P. 58c, 
2 grams (NH,),SO, and 2 grams Na,HPO, being added: on warming, a large, 
flocculent, bluish white precipitate separated.— The experiment was repeated, 
except that the vanadyl salt was first oxidized with liquid bromine, as 
described in P. 58: no precipitate separated in *P. 58c. 

*P. 58c, N. 1: Precipitation of Uranyl Ammonium Phosphate.—See Kern, 
J. Am. Chem. Soc., 23, 705-710 (1901). 

Detection of Small Amounts of Uranium.—o.3, 0.5, and I mgm. U as 
UO,(NO,), were dissolved in separate experiments in 100 ccm. water con- 
taining 5 ccm. 30% acetic acid and 3 grams NaNO,, and treated by P. 58c: 
white flocculent precipitates separated in each case, but that with the 
0.3 mgm. U was very small. The precipitates were filtered off and tested 
by *P. 58d: in the experiment with 0.3 mgm. U the ferrocyanide test failed, 
but was very satisfactory in the other two cases.—The experiment with 
0.3 mgm. U was repeated, except that 0.5, 4, and 6 grams, respectively, 
(NH,),SO, (instead of 2 grams) were added: very small precipitates of 
uranyl ammonium phosphate were obtained in each case, but the ferro- 
cyanide test failed. This shows there is no advantage in adding more than 
2 grams (NH,),SO,.— The experiments with 0.5 and I mgm. U were repeated, 
except that no ammonium salt was added: with 1 mgm. the result was 
satisfactory, but with 0.5 mgm. the ferrocyanide test failed. 

The first experiments with 0.3, 0.5, and 1.0 mgm. U were repeated in 
a volume of 40 ccm., instead of 100 ccm.: a distinct phosphate precipitate 
resulted in each case, and the ferrocyanide test was satisfactory, even with 
0.3 mgm. With 0.2 mgm. a small phosphate precipitate formed, but the 
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confirmatory test failed—The experiment was repeated with 1.0 mgm. U, 
except that 0.3 gram Na,HPO,.12H,O was added, instead of 2 grams: the 
confirmatory test failed, showing that a large excess of Na,HPO, is neces- 
sary.—The experiment with 0.3 mgm. U was repeated, except that Io ccm. 
acetic acid were used, instead of 5 ccm.: the confirmatory test failed, showing 
that a large excess of acetic acid makes the phosphate precipitation less 
complete. 

Separation of Uranium and Vanadium by Phosphate.—100 mgm. U as 
UO,(NO,)., 50 mgm. V as Na,VO,, and 1 gram NH,NO, were dissolved 
in a few drops HNO, and 30 ccm. water. The mixture was neutralized 
_with NH,OH: a large pale yellow precipitate (of uranyl ammonium vana- 
date) separated. I0 ccm. 30% acetic acid were added: the precipitate did 
not dissolve. 5 ccm. 10% ammonium phosphate were added, the mixture was 
heated to boiling, allowed to stand for 15 minutes, and filtered. The filtrate 
was tested for vanadium by *P. 58e: a large quantity was found. The 
precipitate was washed with dilute NH,NO, solution, dissolved in dilute 
hydrochloric acid, and the phosphate precipitation repeated: less than 1 mgm. 
V was now found in the filtrate. The phosphate precipitate was treated 
in the same way: less than 0.2 mgm. V was found in it.—The complete 
experiment was repeated, except that the mixture containing the uranium 
ammonium vanadate precipitate and the acetic acid was heated to boiling, 
cooled, and allowed to stand over night before the phosphate was added: 
the result was the same, showing that the vanadium passes into the filtrate 
even when it is first precipitated in combination with the uranium. 

*P. 58c, N. 4: Precipitation of Uranyl Hydrogen Phosphate.—See Kern, 
J. Am. Chem. Soc., 23, 705 (1901). 

*P. 58d, N. 1: Behavior of Uranyl Salts towards Potassium Ferrocyanide. 
—Known amounts of K,Fe(CN), solutions were added to solutions con- 
taining 0.5 mgm. U as UO,(NO,),, 1 ccm. HCl (1.12), and 10 ccm. nearly 
saturated NaCl solution: with 4 ccm. of a 3% ferrocyanide solution a 
brown color appeared only after 40 minutes; with 10 ccm. a brown pre- 
cipitate separated in about 10 minutes; while with 10 ccm. of a 10% ferro- 
cyanide solution a precipitate separated in a minute or two; showing that 
a large excess of K,Fe(CN), is needed to make the test delicate.—The 
experiment was repeated, except that 0.5 ccm. HCl (1.12) was added instead 
of I ccm., Io ccm. 3% ferrocyanide solution being used: a brown precipitate 
separated in a minute or two. This experiment was repeated with 0.1 and 
0.05 ccm. HCl (1.12): brown precipitates separated at once. The experi- 
ment was repeated without the addition of any acid: no brown color 
appeared. The experiment was repeated, adding 5 ccm. HCl (1.12): no 
brown precipitate separated in 1 hour, but the solution became blue and 
a blue precipitate separated slowly on account of the decomposition of the 
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ferrocyanide. These experiments show that a little acid must be present, 
but that much acid makes the test less delicate. 

0.1 and 0.2 mgm. U as UO,(NO,), were treated by *P. 58d, a few 
milligrams PO, as Na,HPO, being added: a good test was obtained with 
0.2 mgm., but only a very poor one after several minutes with 0.1 mgm., 
showing that 0.1 mgm. is about the limit of detectability, and that phosphate 
does not interfere with the detection of 0.2 mgm. U. 

The experiment with 0.5 mgm. U and 0.5 ccm. HCl (1.12) was repeated, 
except that water was added instead of NaCl solution: a dark red color 
resulted, and no precipitate separated out in 1 hour, showing that NaCl is 
needed to coagulate the colloid. 

Behavior of Vanadyl Salts and Vanadic Acid towards Potassium Ferro- 
cyanide.—5 mgm. V as Na,VO, after evaporation with HCl (whereby it 
is reduced to vanadyl chloride) were treated by *P. 58d: a greenish yellow 
precipitate separated. The precipitate was filtered off and the filtrate tested 
for vanadium by *P. 58e: only a very faint pink color resulted, showing 
that the precipitation of the vanadium by the ferrocyanide is nearly com- 
plete. The experiment was repeated, except that only 2 drops of HCl 
were added and the solution was not evaporated: no precipitate separated 
in half an hour, showing that a small quantity of vanadium-in the form of 
vanadic acid is not precipitated by K,Fe(CN),. 

*P. 58e: Non-interference of Lead with the Vanadium Test.—A solution 
containing 2 mgm. Pb as PbNO, and 0.5 mgm. V as Na,VO, and 2 grams 
NH,NO, was treated by *P. 58¢, and the black precipitate of PbS formed 
was filtered off: on saturating completely with H,S, the filtrate had the 
characteristic violet-red color due to vanadium. 

*P. 589, N. 1: Separation of Aluminum and Beryllium.—See Havens, 
Z. anorg. Chem., 16, 15 (1898). 

Precipitation of Aluminum as AICI,.6H,O.—o.5 mgm. Al as AICI, was 
treated by *P. 58g, the total volume of the acid ether mixture being about 
I5 ccm.: on saturating with HCl gas no precipitate could be seen, but on 
standing about 15 minutes a distinct crystalline precipitate separated out. 

100 and 500 mgm. Al as AICI, were treated by *P. 589; the filtrates, 
which had a total volume of about 70 ccm., were evaporated to about 
20 ccm. and made alkaline with NH,OH: no precipitate separated, but in 
the second experiment there was a faint turbidity corresponding, perhaps, 
to 0.1 mgm. Al. 

Behavior of Beryllium, Uranium, and Chromium in the Hydrochloric- 
Acid-Ether Process.—100 mgm. Be as BeCl, were treated by *P. 58g, the 
final volume being about 30 ccm.: a small precipitate remained. This was 
filtered off, washed twice, dissolved in a little water, and proved to contain 
aluminum but no beryllium by boiling in a 10% NaHCO, solution as 
described in the second paragraph of *P. 58h. 
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500 mgm. Al and 2 mgm. Be as chlorides were treated by *P. 58g in 
a volume of 60 ccm. and the filtrate was treated by *P. 58h: a good test 
for beryllium was obtained and the amount of beryllium in the filtrate 
was estimated to be I or 2 mgm., showing that very little beryllium was 
retained by the AIC1,.6H,O. 

100 mgm. U as UO,CIl, were treated by *P. 58g, the total volume being 
50 cem.: a clear yellow solution was obtained. 

20 mgm. Cr as K,CrO, were boiled with HCl (1.20) to reduce the 
chromium to the chromic state, and the green solution was treated by 
*P. 58g in a volume of about 30 ccm.: the green color quickly disappeared 
and a violet precipitate separated. This was filtered off after several hours 
and the filtrate tested for chromium by evaporating, adding NH,OH and 
boiling: a precipitate estimated to contain 5-10 mgm. Cr separated. 

*P. 58h, N. 1: Separation of Beryllium and Aluminum in Strong Sodium 
Hydrogen Carbonate Solution.—See Parsons and Barnes, J. Am. Chem. 
Soc., 48, 1589 (1906). 

200 mgm. Al as nitrate were dissolved in 20 ccm. water and added to 
a warm solution of 10 grams NaHCO, in 80 ccm. water; the mixture 
was heated to boiling in a flask, boiled for 1 minute, and filtered; the 
filtrate was acidified with HNO,, evaporated to about 20 ccm., and made 
alkaline with NH,OH: no precipitate separated on warming gently, nor 
on standing. 

100 mgm. Al and 1 mgm. Be as nitrates were dissolved in 50 ccm. 
water and 6 grams NaHCO, were added; the mixture was heated to boiling, 
boiled for 1 minute, and filtered while still hot; the filtrate was made 
acid with HNO,, evaporated to about 10 ccm., and made alkaline with 
NH,OH: a very small precipitate separated, which was estimated to con- 
tain 1/20 mgm. Be.—The experiment was repeated with 2 mgm. Be: the 
result was the same.—The experiment was repeated with 5 mgm. Be: 
scarcely 1 mgm. Be was found in the filtrate. Therefore small amounts 
of beryllium cannot be completely separated from 100 mgm. Al by this 
method. 

The precipitate obtained in the first experiment was treated by *P. 589 
and 58h: the beryllium present was estimated to be nearly I mgm., showing 
that this separation with HCl and ether is more satisfactory than that 
with 10-12% NaHCoO.. 

Behavior of Iron in Strong Sodium Hydrogen Carbonate Solution and 
its Precipitation as Sulphide.—2 and 5 mgm. Fe as FeCl, were treated ac- 
cording to the second paragraph of *P. 58h, except that the treatment with 
H,S was omitted: small precipitates of Fe(OH), were formed in the NaHCO, 
solutions, but the precipitation was incomplete, for after acidifying the fil- 
trates and adding NH,OH, precipitates of Fe(OH), were obtained, each 
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of which was estimated to contain over 1 mgm. Fe.—The experiment with 
5 mgm. Fe was repeated, except that 5 ccm. NaOH were added to the 
NaHCO, filtrate: no precipitate resulted in the cold, but about 0.5 mgm. Fe 
as Fe(OH), precipitated on boiling. The precipitation was still incomplete, 
for about 0.5 mgm. Fe was found in the solution on acidifying and adding 
NH,OH. 

0.5 mgm. Fe as FeSO, and in a second experiment as FeCl, were 
boiled with 30 ccm. 10% NaHCO, for 1 minute, the mixtures were poured 
through filters, cooled, and H,S was passed in for about 3 seconds: the 
solutions became dark-colored at once. After about 5 minutes the mixtures 
were filtered: the filtrates were clear, with a faint greenish shade, corre- 
sponding to an insignificant quantity of iron; more H,S caused no further 
darkening.—The experiment with 0.5 mgm. Fe as FeCl, was repeated, 
except that the NaHCO, solution was not cooled before passing in H,S: 
a dark green solution was obtained which ran through the filter, showing 
that it is better to add the H.S in the cold. To this solution (which was 
now cold) was added 2 or 3 mgm. Fe as FeSO,: on filtering after several 
minutes the filtrate was nearly colorless, and more H,S gave no precipitate 
nor color. 

*P. 58h, N. 2: Behavior of Uranyl Salts in Strong Sodium Hydrogen 
Carbonate Solution and on Passing in H,S.—50 mgm. U as UO,Cl, (and 
in another experiment as UO,(NO,), were dissolved in a little water and 
added to a solution containing 5 grams NaHCO,, the final volume being 
50 ccm>; the mixture was boiled for 5 minutes: no precipitate separated. — 
The experiment was repeated with 5 mgm. U as UO,Cl, in a volume of 
30 ccm., and 10 ccm. 10% NaOH solution were added to the 10% NaHCO, 
solution after boiling: no precipitate separated. 

To a mixture containing 100 mgm. Al and 20 mgm. U dissolved in 
50 ccm. 10% NaHCO, was added 1 gram NH,CI and the mixture was boiled: 
no precipitate separated. 

A mixture containing 100 mgm. Be and 10 mgm. U (but no iron) dis- 
solved in 30 ccm. 10% NaHCO, solution was saturated completely with 
H,S gas: no precipitate separated. 

The Separation of Uranium and Beryllium by Potassium Ferrocyanide. 
—15 and 25 mgm. Be as chlorides in HCI solution were evaporated almost 
fo dryness, 10 ccm. saturated NaCl solution were added, the mixture was 
cooled, and 5 ccm. 10% K,Fe(CN), solution added: clear solutions resulted 
which were blue colored, owing to the presence of a small amount of iron 
in the beryllium; after standing several hours a gelatinous, light-colored 
precipitate had separated in the experiment with 25 mgm. Be.—The experi- 
ment was repeated with mixtures of 1 mgm. U as UO,(NO,), and with 
5, 10, 15, and 20 mgm. Be: a dark red color appeared at once in the 
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experiments with 5 and 10 mgm. Be, and on standing dark red precip- 
itates settled out. In the experiments with 15 and 20 mgm. the color was 
somewhat obscured, owing to the presence of the iron.—The experiment 
with 20 mgm. Be and 1 mgm. U was repeated, except that the iron was 
first removed from the beryllium solution by P. 52: a good test for uranium 
was then obtained. 

P. 61, N. 1: Solubility of Manganese Peroxide in Nitric Acid in the Pres- 
ence of Filter Paper.—500 mgm. Mn as Mn(NO,), were treated by P. 52; 
the MnO(OH), precipitate was boiled with 30 ccm. HNO, (1.20) in a 
covered casserole for several minutes: very little of the precipitate dis- 
solved.—The experiment was repeated, except that the filter as well as 
the precipitate was treated with the nitric acid: on boiling, the filter disin- 
tegrated and the precipitate dissolved completely in I0 or I5 minutes.— 
The last experiment was repeated with HNO, (1.42): nearly all of the 
precipitate dissolved after 5 minutes’ boiling, and the remainder on stand- 
ing over night.—The solution obtained in the last experiment was evapo- 
rated to a small volume and diluted to about 15 ccm. The paper was 
filtered off and the filtrate was treated by P. 61: the manganese was 
completely precipitated. 

P. 61, N. 2: Precipitation of Manganese by Chloric and Nitric Acids.— 
See Hannay, J. Chem. Soc., 23, 269 (1878); Ford, Trans. Am. Inst. Min. 
Eng., 9, 397- 

P. 61, N. 3: Separation of Other Elements from Manganese by Chloric 
and Nitric Acids.—See T. A., Nos. 117, 118. 

Iron.—100 mgm. Mn as MnCl, and 1 mgm. Fe as FeSO, were treated 
by P. 52 and P. 61 and the filtrate was tested for iron by P. 64: a good 
test was obtained.—500 mgm. Mn as MnCl, and 1 mgm. Fe were treated 
by P. 52 and then by P. 61; the precipitate and filtrate were tested for 
iron by evaporating with excess of HCl, diluting, and adding KSCN solu- 
tion: a distinct test for iron was obtained in the filtrate, but much more 
iron was found in the precipitate than in the filtrate. 

Titanium.—A mixture containing 500 mgm. Mn and 1 mgm. Ti as 
nitrates was treated by P. 61; the filtrate was evaporated and made alkaline 
with NH,OH: no precipitate separated, proving that the titanium had been 
completely carried down with the MnO,.—This experiment was repeated 
with 5 and with 50 mgm. Ti: the result was the same in each case.—The 
experiment was repeated with 50 mgm. Mn and 50 mgm. Ti; the precip- 
itate was analyzed by *P. 62a and about half the titanium found in it; the 
filtrate was evaporated almost to dryness: some of the titanium separated 
during the evaporation as a white precipitate which did not dissolve readily 
in HCl, but did in HF.—The experiment was repeated with 50 mgm. Ti 
in the absence of manganese: no precipitate separated on adding KCIO, 
nor on evaporating to 5 or Io ccm. 
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Zirconium.—A mixture containing 500 mgm. Mn and 2 mgm. Zr as 
nitrates was treated by P. 61; the filtrate was evaporated and made alkaline 
with NH,OH: only a very small precipitate separated, showing that most 
but not quite all of the zirconium had been carried down.—The experiment 
was repeated with 50 mgm. Zr: the filtrate was found to contain I5 or 
20 mgm. Zr. The manganese precipitate was treated by *P. 62a: the rest 
of the zirconium was recovered. 

Vanadium.—A mixture containing 250 mgm. Mn as nitrate and I mgm. 
V as Na,VO, was treated by P. 61; the filtrate was treated by *P. 58¢ to 
test for vanadium: no trace of vanadium was found.—For the fact that 
vanadium is not carried down by manganese in the Na,O, procedure, see 
C. E., P. 52, N. 11. The experiment was repeated with 250 mgm. Mn and 
10 mgm. V: a mere trace of vanadium was found.—The experiment was 
repeated with 50 mgm. Mn and 10 mgm. V: not more than I or 2 mgm. V 
was found in the filtratee—The experiment was repeated with 20 mgm. 
Mn and 10 mgm. V: the filtrate contained not more than 2 or 3 mgm. V. 

Uranium.—A mixture of 250 mgm. Mn as Mn(NO,), and 1 ingm. U 
as UO,(NO,), was treated by P. 61; the filtrate was tested for uranium 
by *P. 58d: a good test for uranium was obtained. 

Thallium.—15 mgm. Tl as T1(OH), were treated by P. 61: no precip- 
itate separated.—200 mgm. Mn as MnCl, and 1 mgm. Tl as TICI, were 
treated by this procedure; the filtrate was tested for thallium by the regular 
procedure: a good test was obtained. The precipitate was dissolved in 
HCl (1.12) and treated by *P. 65a and 65d: a very small precipitate of TII 
was obtained, which was estimated to contain not more than 0.1 mgm. TI, 
showing that thallium is not carried down with the manganese. 

Test for Titanium with H,O, in the Presence of Iron, Cobalt, or Nickel. 
—500 mgm. Fe as FeCl, were evaporated with a large excess HNO, (1.42) 
to 5 ccm., the dark red solution was diluted to 40 ccm.: it became almost 
colorless. The solution was divided into two parts, and to one of these 
0.5 mgm. Ti as TiCl, solution was added; to both parts 2 or 3 ccm. H,O, 
were added: in both a deep yellow color very clearly indicated the pres- 
ence of titanium.—The experiment was repeated, except that the HNO, 
solution was diluted to about 15 ccm.: the test for titanium was distinct, 
although the ferric solution was not quite colorless. 

500 mgm. Co as Co(NO,), were evaporated with excess HNO, (1.42) 
to 5 ccm.; the red solution was diluted to 15 ccm. and divided into two 
parts, to one of which 1 mgm. Ti was added; to both about 2 ccm. 3% 
H,O, were added: the solution containing titanium acquired a distinct yellow 
tinge. 

The experiment was repeated with 500 mgm. Ni as Ni(NO,),: the green 
color of the nickel solution containing titanium changed to olive when 
the H,O, was added. 
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P. 62, N. 1: Confirmatory Test for Manganese with Lead Dioxide.— 
To 1 gram PbO, and 10 ccm. HNO, (1.20) in a casserole were added in 
separate experiments 0.5, 0.2, 0.1, and 0.02 mgm. Mn as MnCl,. The 
mixtures were boiled gently for about 2 minutes in covered casseroles and 
then poured into test tubes: after the PbO, had settled, the color of KMnO, 
could be clearly seen, even in the last experiment.—The experiment was 
repeated without adding MnCl,: a perfectly colorless solution was obtained. 
—The series of experiments was repeated, except that HNO, (1.42) was 
used: the color of KMnO, was easily distinguished in each case, but was 
not so pronounced as with the more dilute acid. Moreover, on standing 
the pink color faded slowly in the concentrated HNO,,. 

To determine whether the test would be satisfactory when the man- 
ganese was initially present as MnO,, 1 mgm. Mn as MnCl, was treated 
by P. 61, and the precipitate collected on an asbestos filter; about one- 
tenth of it (i.¢., 0.1 mgm. Mn) was treated by P. 62: the permanganate 
color was very distinct. 

*P. 62a, N. 1: Separation of Titanium and Zirconium from Manganese 
by Ammonia.—To a mixture containing 50 mgm. Mn and 50 mgm. Ti as 
nitrates and 4 ccm. HCl (1.12) in 50 ccm. was added NH,OH (0.96) very 
carefully until the mixture was barely alkaline to. litmus paper; a white 
precipitate formed. 2 drops more NH,OH (0.96) were added and the 
mixture was heated on a steam bath for Io minutes: the precipitate remained 
white. The solution was filtered. The filtrate was tested for titanium by 
adding more ammonia: no more precipitate separated at once, showing 
that the precipitation of the titanium was complete. The precipitate was 
dissolved in hot HCl, the process was repeated, and the filtrate was tested 
for manganese by adding (NH,),S: a precipitate estimated to contain 3 or 
4 mgm. Mn separated.—The titanium precipitate was again dissolved and 
treated in the same way: no manganese was found in the filtrate, showing 
that ethe manganese had been completely removed in two separations. — 
The experiment was repeated, except that the 2 drops of ammonia in 
excess were not added: only about two-thirds of the titanium precipitated. 
—The experiment was repeated, except that NH,OH was added until the 
odor after shaking was distinct: the NH,OH precipitate was brown, show- 
ing the presence of a large amount of manganese.—The last experiment 
was repeated, except that 15 grams NH,Cl were also added: the NH,OH 
precipitate was white and contained only about I mgm. Mn. These experi- 
ments prove that a satisfactory separation is obtained only when the 
hydroxide-ion concentration is very small. ; 

A solution containing 500 mgm. Mn and 1 mgm. Ti as nitrates and 
10 ccm. HCl (1.12) in 60 ccm. was made barely alkaline to litmus paper 
by means of NH,OH (0.96); an excess of 2 drops NH,OH was added 
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and the mixture was heated for 10 minutes on a steam bath: the precipi- 
tate was dark-colored. The precipitate was dissolved in hot HCl and the 
separation repeated: a small white precipitate resulted, which was prac- 
tically free from manganese. It was dissolved in HCl, and a little 3% 
H,O, was added: the solution became deep yellow, showing the presence 
of titanium.—The experiment was repeated with 500 mgm. Mn and 2 mgm. 
Zr as nitrates: the results were the same. The final white precipitate was 
dissolved in hot HCl, the solution was evaporated to a few drops, and a 
piece of turmeric paper was dipped in it and dried over a small flame: it 
turned pink, proving the presence of zirconium. 

Separation of Zirconium from Manganese by Ammonium Acetate.—A 
solution of 500 mgm. Mn and 5 mgm. Zr in 10 ccm. HCl (1.12) was just 
neutralized with NH,OH; 2 ccm. 30% acetic acid were added, the mixture 
was diluted to 50 ccm., 6 ccm. 50% ammonium acetate were added, and the 
mixture was boiled: the precipitate was brown, showing that several milli- 
grams of manganese were present and that the separation was unsatisfactory. 

Complete Precipitation of Thallium by Ammonium Hydroxide.—20 mgm. 
Tl as T1,SO, were treated with HNO, and HCIO, by P. 61, and then with 
NH,OH by P. 64: a dark red flocculent precipitate separated. This was 
filtered off, the filtrate was evaporated nearly to dryness and tested for 
thallium with KI by *P. 65d: no precipitate of TII separated, showing that 
thallium had been completely precipitated by the NH,OH. Since thallous 
hydroxide is soluble, it follows, also, that thallous compounds are completely 
oxidized by HNO, and HCIO, in P. 61. 

P. 64, N. 2: Action of Nitric Acid on Potassium Sulphocyanate.—In 
each of a number of test tubes 1 ccm. HNO, (1.42) was placed; varying 
amounts of water (from o to 15 ccm.), and finally 5 ccm. 10% KSCN 
solution were added: in each case a red color appeared slowly in the cold, 
more quickly on warming slightly, and more quickly in the more concentrated 
HNO, solutions.—The red solutions were boiled in casseroles: the color 
disappeared quickly, and the solutions remained colorless on cooling. More 
KSCN was added: the color reappeared quickly.—The experiments were 
repeated with 0.1 mgm. Fe as FeCl,: a red color appeared at once in the 
cold, but on boiling this color also disappeared in a minute or two. To 
one of these colorless solutions, after cooling, was added KSCN: the red 
cclor appeared at once. To another was added 0.1 mgm. Fe as FeCl,: 
tre solution remained nearly colorless. These experiments show that on 
boiling with HNO, the KSCN is completely decomposed, and therefore 
that the red color due to nitrous acid cannot be eliminated by boiling. 

P. 65, N. 2, 5, and 6: Precipitation of Titanium, Zirconium, and Thallium 
in the Ammonium Acetate Procedure.—o.5 mgm. Ti as TiCl, in 100 ccm. 
was treated by P. 65; a small precipitate separated, which was proved to 
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contain titanium by *P. 65b.—The experiment was repeated with 10 and 
with 500 mgm. Ti; the filtrates were tested for titanium by evaporating 
with a little H,SO, to fuming, cooling and adding H,O,: no color appeared. 

A mixture containing 500 mgm. Fe as FeCl, and 20 mgm. Zr as ZrCl, 
was treated by P. 65: a large amount of zirconium was found in the 
precipitate, but on adding NH,OH to the filtrate a white precipitate was 
obtained, which was estimated to contain 3-5 mgm. Zr.—1o0 mgm. Zr as 
nitrate in HNO, solution were treated by P. 65, except that no FeCl, was 
added: NH,OH was added only until a very small precipitate of zirconium 
hydroxide separated, and the solution was still acid when the ammonium 
acetate was added; the filtrate from the basic acetate precipitate was made 
alkaline with NH,OH to test for zirconium: a white precipitate separated, 
which was estimated to contain I or 2 mgm. Zr.—The experiment was 
repeated with 1 and 2 mgm. Zr, except that NH,OH was added until the 
solution was neutral; the filtrate was made acid, evaporated to 20 ccm., 
and then made alkaline with NH,OH: no precipitate separated. The last 
experiment was repeated with 5 mgm. Zr as nitrate and 20 mgm. PO, as 
Na,HPO,: no zirconium was found in the filtrate.—For the fact that zir- 
conium is not precipitated in the presence of considerable acetic acid, and 
that it then prevents the complete precipitation of titanium, see Hillebrand, 
Bull. U. S. Geol. Survey, No. 176, 72 (1900). 

20 mgm. Tl as TICl, were treated by P. 65, except that no FeCl, was 
added: a brown precipitate separated on boiling and also on adding NH,OH; 
the former was two or three times as large as the latter, thus showing 
that at least 5 mgm. Tl were not precipitated till the NH,OH was added. 
The filtrate was evaporated nearly to dryness; H,SO, was added, and the 
solution when cold was tested for thallium with KI and Na,SO, by 
*P. 65d: a small precipitate of T1II was obtained which was estimated to 
contain 0.5-1 mgm. Tl.—The experiment was repeated with 1 mgm. TI: no 
precipitate resulted on boiling nor on adding NH,OH. The filtrate was 
proved to contain the thallium.—The experiment with 1 mgm. Tl was 
repeated, FeCl, being added as directed in the procedure: no further pre- 
cipitate separated on adding NH,OH to the filtrate. Both precipitate and 
filtrate were tested for thallium: about half of the thallium was found in 
the precipitate and the remainder in the filtrate-—The last experiment was 
repeated with 0.5 mgm. Tl: a small but distinct test was obtained for 
thallium both in the precipitate containing the iron and in the filtrate. 

*P. 65a, N. 1 to 3: Extraction of FeCl, by Ether.—See Rothe, Stahl und 
Eisen, 12, 1052 (1892), 13, 333 (1893); Langmuir, J. dm. Chem. Soc., 22, 
102 (1900); Kern, J. Am. Chem. Soc., 23, 689 (1901). 


To determine the best concentration of HCl to use in this extraction, 


a series of experiments was performed as follows: 500 mgm. Fe as FeCl, 
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were dissolved in 30 ccm. HCl of known specific gravity, and this solu- 
tion was treated several times with about 35-40 ccm. ether in a separating 
funnel as described in the procedure. The amount of FeCl, extracted in 
each treatment was estimated by evaporating the ether extract to dryness, 
adding HCl, and precipitating with NH,OH. Since the ether used contained 
no HCl the amount of HCl in the water layer is somewhat decreased in 
each treatment. The proportion of FeCl, extracted in each treatment was 
4-5% with 8% HCl (sp. gr. 1.04); 95-96% with 18% HCl (sp. gr. 1.09); 
99% with 22% HCl (sp. gr. 1.11); and 94% with 25% HCl (sp. gr. 1.125). 

With the 22% acid (sp. gr. 1.11) the first extraction took out nearly 
all the FeCl, (495 mgm. Fe), the second extraction nearly all of the 5 mgm. 
Fe remaining, and the third only a fraction of a milligram. A _ similar 
result was obtained when 500 mgm. Fe as FeCl, were precipitated with 
NH,OH, the precipitate dried between filter papers, and dissolved in HCl 
(1.12). This result is in agreement with that of Rothe, who recommends 
an acid of sp. gr. 1.100 to 1.105; for he shook his ether with HCl of this 
strength before making the separation. 

Molecular Formula of Ferric Chloride in Ether Solution.— See Beckmann, 
Z. physik. Chem., 46, 860 (1903). 

Extraction of Thallic Chloride by Ether.—15 mgm. Tl as T1(OH), 
were treated by *P. 65a: the solution of TICI, in HCl (1.12) had a yellow 
color, but the water layer was colorless after it was shaken with ether; 
the ether layer had a yellowish color. The first ether extract contained 
nearly all the thallium, the second ether extract contained less than I mgm., 
and the water layer after the two extractions was practically free from 
thallium. 

*P. 65a, N. 4: Behavior of Titanium, Zirconium, and Uranium in the 
Ether Treatment.—A solution of 50 mgm. Ti as TiCl, in one experiment, 
and of 50 mgm. Zr in another, in 30 ccm. HCl (1.11) was shaken with an 
equal volume of ether; the ether layer was evaporated to dryness in a 
casserole on a water bath, HCl (1.20) was added and heated, the solu- 
tion was made alkaline with NH,OH: no precipitate separated in either 
case, showing that no titanium or zirconium had dissolved in the ether” 
layer. In the case of titanium the water layer became reddish yellow, owing 
to the presence of H,O, in the ether, and in the case of zirconium a white 
precipitate (ZrCl,?) separated in the water layer; but when the ether was 
expelled by evaporation a clear solution resulted. A white precipitate was 
also found to result with titanium in an experiment in which 300 mgm. 
PO, were also present. 

For proof that uranium is not extracted, see Kern, J. Am. Chem. Soc., 
23, 689 (1901). 

*P, 65a, N. 5: Extraction of Iron by Ether in the Presence of Phosphate. 
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—500 mgm. Fe as FeCl, and 300 mgm. PO, as ammonium phosphate were 
dissolved in 30 ccm. HCl (1.09) and treated with ether (35 ccm.) as 
described in the procedure: about 95% of the iron was extracted in each 
treatment and the phosphate remained in the water layer. 

*P. 65b, N. 1: Nature of the Compound of Hydrogen Peroxide with 
Titanium.—In regard to the colored solution and the preparation of solid 
TiO,, see Schénn, Z. analyt. Chem., 9, 41 (1870); Classen, Ber., 21, 370 
(1888) ; Levy, Ann. chim. phys. (6), 25, 463 (1892); Melikoff and Pissar- 
jewsky, Ber., 31, 953 (1898). 

Mr. Charles Field, 3d, working in this laboratory, performed the fol- 
lowing migration experiment. A colored solution was prepared by rotating 
for 3 hours pure TiO,, which had been dried over P,O,, with a normal 
HNO, solution which contained 1 mol H,O, per liter. The resulting solu- 
tion was 0.087 molal with respect to TiO,. A large U-tube which was partly 
filled with normal HNO, solution was placed in a thermostat at 25°, and 
the titanium solution was carefully introduced through a tube at the bottom 
of the U. The surfaces of contact of the two solutions were sharply 
marked. After a current had passed for 8 hours, one of the surfaces of 
the red solution had moved 4 ccm. upward toward the cathode and the 
other boundary had moved away from the anode a nearly equal distance. 
This proves that the color is due to a cathion containing titanium. 

Delicacy of the Hydrogen Peroxide Reaction for Titanium.—o.1 mgm. 
Ti as chloride was treated by *P. 656: a distinct yellow color appeared on 
adding the H,O, solution. 

*P. 65b, N. 2: Precipitation and Separation of Titanium and Zirconium 
as Phosphate.—See Hillebrand, Bull. U. S. Geol. Survey, No. 176, 75 (1900). 

0.5 and 1.0 mgm. Zr and a mixture of I mgm. Zr and 100 mgm. Ti as 
chloride were treated by *P. 65: flocculent precipitates formed in every 
case within Io minutes, but were more distinct after half an hour.— 
100 mgm. Ti alone were treated by *P. 65b: no precipitate separated in 
several hours. 

10 mgm. Zr as chloride were treated by *P. 65b; the precipitate was 

* filtered off after half an hour and the filtrate made alkaline with NH,OH: 
a small precipitate estimated to contain about 0.3 mgm. Zr separated. The 
result was the same when the filtration was made after 20 hours.—The 
experiment was repeated, except that only 3 or 4 ccm. phosphate solution 
were used: the filtrate contained 0.5-1.0 mgm. Zr after half an hour and 
after 1 hour.—The experiment was repeated, using about 15 ccm. phosphate 
solution: only 0.1-0.2 mgm. Zr remained in the filtrate after 2 hours. 

To a number of solutions, containing 1 mgm. Zr as chloride and varying 
amounts of H,SO, (1.20) in 15 ccm., were added 5 ccm. 7% Na,HPO, 
12H.O solution: with 1 and 2 ccm. of acid the solutions became turbid at 
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once, and flocculent precipitates settled out within 20 minutes; with 5 ccm. 
acid the solution remained clear for about 10 minutes, but after 1 hour 
there was a distinct precipitate; with 10 ccm. acid the solution remained 
clear for a longer time, and only a minute precipitate separated in 
14 hours. 

Precipitation of Titanium with Zirconium Phosphate.—10 mgm. Zr and 
io mgm. Ti as chlorides were treated by *P. 65b: the precipitate when 
collected on a filter was distinctly yellow, and this color remained after 
washing with water for an hour. About 10 ccm. 15% HF solution were 
poured through the filter in a celluloid funnel and the solution was treated 
again by *P. 65b: the phosphate precipitate was white, and the titanium in 
the solution was estimated from the color to be about 1 mgm.—o.1 mgm. Ti 
and 100 mgm. Zr as chlorides were treated by *P. 65b: the solution became 
distinctly yellow on adding H,O,, and the filtrate from the phosphate precip- 
itate was also yellow, showing that titanium is not completely carried down 
by the zirconium.— (100 mgm. Zr alone gave no color with H,O,,.) 

*P. 65b, N. 3: Precipitation of Thorium as Phosphate.—2, 5, and 50 mgm. 
Th as nitrate were treated by *P. 65b: white, gelatinous precipitates sepa- 
rated on the addition of Na,HPO,, the precipitate being small and forming 
slowly in the experiment with 2 mgm. Th. In the experiment with 5 mgm. 
a 10 ccm. portion of HF (1 volume 45% HF to 2 volumes water) was 
poured several times through the filter; the solution was evaporated with 
H,SO, to fuming, cooled, diluted, and excess NH,OH added: no precipitate 
separated at once and only a very small one on standing an hour. 

*P. 65b, N. 4: Behavior of Manganese, Cobalt, Uranyl and Vanadyl 
Salts in the Tests for Titanium and Zirconium.—i1o00 mgm. Mn as MnCl, 
were treated by *P. 65b and 65c: with H,O, no color resulted, and no precipi- 
tate formed when Na,HPO, was added nor on standing 1 hour. After the 
addition of just sufficient powdered Na,SO, to reduce the H,O, (determined 
by testing portions of the solution with Ti solution), no precipitate formed; 
but when about I gram more Na,SO, was added a large precipitate sepa- 
rated.—The experiment was repeated separately with 100 mgm. Co as 
CoCl, and with 5 mgm. U as UO,(NO,),: there was no change of color 
with H,O, and no precipitate with Na,HPO, on adding enough Na,SO, 
to destroy the H,O,. The experiment was repeated with 100 mgm. U as 
UO,(NO,),: the solution was distinctly yellow before the H,O, was added, 
and a large white precipitate formed on adding just sufficient Na,SO, to 
decompose the H,0O,,. 

10 and 100 mgm. V as Na,VO, were treated in separate experiments by 
*P. 65b and 65c: with the 10 mgm. the color obtained on adding H,O, was 
similar to that obtained with 3-5 mgm. Ti; with the 100 mgm., however, 
the color was of a much redder shade than that with titanium; on the 
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addition of an excess of Na,SO, the color changed at once to blue, showing 
the presence of a vanadyl salt, and no precipitate had separated in either 
case after several hours in the cold nor on boiling. 

*P. 65c, N. 1: Behavior of Titanium in Acid Solutions towards Sodium 
Phosphate.—To a solution containing 0.5 mgm. Ti as chloride and 2 ccm. 
H,SO, (1.20) in Io ccm. were added 10 ccm. 7% Na,HPO,.12H,O solution: 
the solution remained clear for 10 minutes, but had become distinctly turbid 
in half an hour.—Several solutions containing 10 mgm. Ti as chloride and 
varying amounts of H,SO, (1.20) were treated in the same way; the floc- 
culent precipitates were filtered off after 10 minutes, and the filtrates were 
made alkaline with NH,OH: in the experiment with 2 ccm. acid the filtrate 
contained 0.5-0.1 mgm. Ti; in that with 3 ccm. acid, 1-3 mgm. Ti; in the 
experiment with 5 ccm. acid, 3-4 mgm. Ti. 

10 mgm. Ti as chloride were treated by *P. 65b and 65c, and after half 
an hour the mixture was filtered and the filtrate made alkaline with 
NH,OH: a very small precipitate was obtained, containing about 0.5 mgm. 
Ti.—The experiment was repeated with 0.5 mgm. Ti: the solution became 
distinctly turbid on decolorizing with H,SO,. Half of the turbid solution 
was heated to boiling: a distinct, flocculent precipitate was obtained. The 
other half was allowed to stand in the cold for half an hour: the precipitate 
in this case also became somewhat flocculent. 

*P. 65d, N. 1: Test for Thallium with KI.—o.5, 0.2, and 0.1 mgm. TI 
as T1,SO, were treated by *P. 65d, the total volume being about Io ccm.: 
a distinct yellow, finely divided precipitate of TII was obtained in each 
experiment, even in that with 0.1 mgm. Tl.—For proof that 500 mgm. ferric 
iron does not interfere with the test, see T. A., Nos. 171-174. 

*P. 65d, N. 3: Flame Test for Thallium.—o.5, 0.2, and 0.1 mgm. Tl were 
precipitated by *P. 65d as TII. The precipitates were collected on small 
filters and washed twice with a very little water. The moist filter was 
removed from the funnel, a looped platinum wire was drawn across its 
surface to collect a little of the precipitate, and introduced into a colorless 
gas flame: with 0.5 mgm. Tl the momentary green color was generally 
seen, but it was sometimes obscured by the yellow flame, due to sodium 
and to small fibers of paper; with 0.2 and 0.1 mgm. Tl the green color 
could not be detected with certainty.—The experiments were repeated, 
except that the TII precipitates were collected on hardened filters: the 
green flame was much morc brilliant with 0.5 and 0.2 mgm. Tl than in 
the corresponding experiments with ordinary filter paper; it could, however, 
scarcely be seen with 0.1 mgm. TI. 

P. 69, N. 1: Potassium Cobaltic Nitrite.—See Fisher, Pogg. Ann., 74, 
115 (1848); Sadtler, Am. J. Sci. (2), 49, 196 (1870); Rosenheim and 
Koppel, Z. anorg. Chem., 17. 35 (1898). 
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P. 69, N. 2: Precipitation of Cobalt with Potassium Nitrite.—o.1 and 
0.3 mgm. Co as CoCl, were treated by P. 69: in each experiment the solu- 
tion became distinctly turbid within 5 minutes. The experiment was repeated 
in the absence of cobalt: the solution remained perfectly clear.—For the 
detection of 0.5 mgm. Co in the presence of 250 mgm. Ni in P. 69, see 
T.. Ay Noy. $47: 

500 mgm. Co as nitrate were treated by P. 69; the mixture was shaken 
well, allowed to stand, and filtered after about half an hour and again 
allowed to stand: a considerable precipitate again separated.—The experi- 
ment was repeated, except that the mixture was heated on a water bath to 
50 or 60°, with frequent shaking, for half an hour; it was allowed to cool, 
and filtered: no precipitate separated in the filtrate, even on standing over 
night. 

Separation of Nickel from Cobalt with Potassium Nitrite.—500 mgm. 
Co and about 5 mgm. Ni as nitrates were treated by P. 69; after standing 
20 heurs the mixture was filtered; the filtrate was evaporated almost to 
dryness with HCl and made alkaline with NaOH: only a very small green 
precipitate separated, corresponding to not more than 2 mgm. Ni. Half of 
the cobalt precipitate obtained was treated by P. 70: a very good test for 
nickel.was obtained. The experiment was repeated, except that the mixture 
was heated on a water bath for half an hour: less nickel was found in 
the filtrate than in the preceding experiment. 

Precipitation of Potassium Nickelous Nitrite.—250 mgm. Ni (previously 
freed from cobalt by a KNO, treatment) was treated by P. 69, except that 
the volume was cut down to 50 ccm. without, however, altering the total 
amounts of reagents used: a distinct reddish-colored precipitate separated 
within 20 minutes, which was proved to contain nickel, but no cobalt, by 
the borax bead test.—For the action of HNO, on nickel salts and the 
formation of K,Ni(NO,),, see Lang, J. prakt. Chem., 86, 299 (1862); 
Hampe, Lieb. Ann., 125, 346 (1863); and Reichard, Chem. Ztg., 28, 479, 
885, 912 (1904). 

P. 70, N. 2: Delicacy of Hypobromite Test for Nickel.—150 mgm. Co 
free from nickel were treated by P. 70: no precipitate was observed, not 
even on filtering.—The experiment was repeated, except that 0.15 mgm. 
Ni as NiCl, was added: the solution became dark-colored on adding excess 
NaBrO, but no precipitate collected; it was easily seen, however, on the 
filter.—o.2 mgm. Ni as NiCl, was treated by P. 70: a distinct precipitate 
was obtained on filtering. 

Separation of Nickel from Cobalt by Hypobromite.—200 mgm. Co and 
0.5 mgm. Ni as chlorides were treated by P. 70: the precipitate was tested 
for cobalt in the borax bead: no blue color was obtained. 

A large number of experiments were performed to determine the proper 
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conditions for making this separation. In working with cobalt free from 
nickel it was found that a precipitate of Co(OH), always formed when 
the NaBrO reagent (or bromine water and NaOH) was added very soon 
after the addition of KCN, and that the necessary interval of time was 
greatly shortened by increasing the excess of KCN added. 

The following experiments show that excess of NaBrO is essential to 
the precipitation of nickel—1 mgm. Ni as Ni(NO,), was treated by P. 69; 
the NaBrO solution was added in small portions, and after the addition 
of each portion the solution was tested with the starch-KI paper: as long 
as this paper remained colorless no precipitate of Ni(OH), separated; 
but after the precipitate formed, the paper became blue when dipped into 
the mixture.—The experiment was repeated with 10 mgm. Ni. As long 
as the precipitation was incomplete the paper remained colorless, or only 
a small brown ring was formed on the paper, but after complete pre- 
cipitation all of the paper immersed in the solution became brown or blue. 

P. 70, N. 4: Action of H,S on Alkaline Tartrate Solutions Containing 
Nickel or Cobalt.—Villiers, Compt. rend., 119, 1263 (1894) ; 120, 46 (1895), 
found that when H,S was passed into a NaOH solution containing freshly 
precipitated Ni(OH), (but no tartrate) the hydroxide was quickly converted 
into black nickel sulphide, but that a portion of the nickel passed into solu- 
tion, giving a deep brown color, proving that the presence of tartrate is 
not essential for the formation of the brown solution.—o.5 mgm. Ni as 
nitrate was treated by both parts of P. 70: a deep brown solution was 
obtained on saturating the alkaline tartrate solution in a test tube with 
H,S.—o.1 and 0.2 mgm. Ni as nitrate were dissolved in a little HNO, 
and treated by the second paragraph of P. 70, about 5 ccm. of 10% tar- 
taric acid and 5 ccm. excess of NaOH being added: clear, dark yellow 
solutions were obtained on saturating with H,S.—The experiment was 
repeated with 1 mgm. Ni: on passing in H,S the solution remained nearly 
colorless for about I minute, but finally a clear, dark brown solution 
resulted.—The experiment was repeated with 20 mgm. Ni: on saturating 
with H,S the liquid in the test tube was opaque and almost black in color. 
The liquid was filtered: very little precipitate remained on the filter. It 
was allowed to stand several hours: a black precipitate separated, but the 
filtrate was still black and opaque. 

20 mgm. Co as CoCl, in a little dilute HNO, were treated by the 
second paragraph of P. 70: a black precipitate separated as soon as the 
H,S was led in, and the cobalt was completely precipitated within 1 minute. 
The mixture was filtered, the filtrate was saturated with H,S, and the test 
tube was corked and set aside: the solution remained colorless for several 
hours. A similar solution was exposed to the action cf the air in an open 
flask: it became dark yellow in about 1 hour, owing to oxidation of the 
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sulphide and consequent formation of polysulphide.—The experiment was 
repeated, except that 1 mgm. Ni as NiNO, was also present; the excess 
of 10% NaOH was 4 or 5 ccm.; H,S was led into the solution for about 
1 minute and the CoS filtered off: the filtrate was nearly colorless. This 
was saturated with H,S: it became brown, the color being such as to 
indicate that very little of the nickel had been carried down with the 
cobalt.— This experiment was repeated, except that the H,S was led through 
the solution for 5 minutes before the CoS was filtered off: the filtrate 
was of a lighter brown than before, indicating that over half the nickel 
a had been carried down with the cobalt.—The experiment was repeated, 
except that the CoS was not filtered off till after 10 minutes: the filtrate 
was almost colorless and remained so on saturating again with H,S.—The 
experiment was repeated, the CoS being filtered off after half an hour: 
the filtrate was colorless and contained no nickel.—In a similar series of 
experiments in which a smaller excess of NaOH than 4-5 ccm. was 
added. The filtrate was light brown after I minute, and nearly colorless 
after 5 minutes, thus showing that there is more danger of losing nickel 
when the excess of alkali is small; in which case the brown solution is 
formed more quickly.—This result that NiS is deposited on CoS after the 
separation of the latter was confirmed by several experiments. 

Similar experiments were made with a mixture of 20 mgm. Fe as FeCl, 
and 1 mgm. Ni, and with one of 20 mgm. Mn and I mgm. Ni: good tests 
for nickel were obtained in both cases. 
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PROCEEDINGS OF THE SOCIETY OF ARTS 
FORTY-SIXTH YEAR, 1907-1908 


Boston, October 25, 1907. 

THE 639th regular meeting of the Society oF Arts was held in. 
Room 22, Walker Building, on Thursday evening, October 25, at eight 
o’clock, about thirty-five persons being present. Colonel Edmund H. 
Hewins, chairman of the Executive Committee, presided. 

The chairman introduced Mr. F. A. Beebee, with the Griffin Wheel 
Company, of Chicago, who spoke on the manufacture of “Chilled Car 
Wheels.”” The lecture was illustrated with a number of lantern slides 
and gave an interesting résumé of car wheel manufacture from the 
earliest days. The thanks of the Society were tendered the speaker 
by the chairman, and the meeting adjourned at 9.30 o’clock. 


Boston, November 14, 1907. 

The 640th regular meeting of the Society or Arts was held in 
Room 22, Walker Building, on Friday evening, November 14, at eight 
o’clock, one hundred and ten persons being present. Professor T. A. 
Jaggar, Jr., presided. The name of John Reed was presented for 
membership, to be voted on at the next meeting. 

The chairman introduced Professor Douglas W. Johnson, of Harvard 
University, who spoke on the “Physical History of the Grand Cafion 
District.” Professor Johnson had spent some time in the field, study- 
ing the physical history of this great district, and clearly illustrated its 
peculiar features both by diagrams on the blackboard and by numerous 
lantern slides. The speaker gave a most interesting talk, which was 
fully appreciated by all. The meeting adjourned at 9.30 o’clock. 
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Boston, December 5, 1907. 

The 64Ist regular meeting of the Socrety or Arts was held in 
Room 22, Walker Building, on Thursday evening, December 5, at eight 
o'clock, about thirty persons being present. Professor C. H. Peabody 
presided. Mr. Reed was elected a member of the Society. 

The chairman introduced Mr. Norman H. Cheney, Chief Engineer 
of the Merchants’ Cold Storage and Freezing Company, of Providence, 
khode Island, who gave a most interesting talk on the manufacture 
of ice and refrigeration. The address was illustrated with numerous 
lantern slides The meeting adjourned at 9.30 o’clock. 


Boston, December 19, 1907. 
The 642d regular meeting of the SocrETy oF Arts was held in 
Room 22, Walker Building, on Thursday evening, December 19, at 
eight o’clock, about one hundred and thirty persons being present. 
Dr. C. J. H. Woodbury presided. 
The following resolutions were read by the Secretary, on behalf of 
the Executive Committee, and referred to the Society for action. 


RESOLUTIONS IN REGARD TO THE WHITE MOUNTAIN AND APPALACHIAN 
ForEST RESERVES 


Whereas, There have been introduced, or are about to be introduced, 
in the Congress of the United States a bill or bills providing for the 
setting apart as Forest Reserves of certain areas in the White Mountains 
and the Southern Appalachians, and 

Whereas, It is the duty of all friends of the proposed legislation to 
uphold the hands of their representatives in Congress by showing their 
interest in, and desire for, such legislation, therefore be it 

Resolved, That the Society or Arts, at this meeting held in Boston, 
Massachusetts, December 19, 1907, thoroughly approves and endorses 
the proposal to set apart such Forest Reserves, and urges the Senators 
and Representatives from the Commonwealth of Massachusetts in the 
Sixtieth Congress assembled to give their earnest support and effective 
aid to the framing of such legislation as they may deem wise for this end. 

Resolved, That the Society or Arts approves of this legislation for 
the following reasons: 

1. The presence of forests upon mountain areas is essential to the 
equable flow of streams arising from them. When forests have been 
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removed, the soil, no longer protected by the foliage and roots of the 
trees, is washed from the rocks, which, becoming bare, shed water like 
the roof of a house; and the streams lose their constant flow, becoming 
alternately raging torrents and dry water courses. 

The forested areas which it is proposed to set apart as Forest Reserves 
include the head waters of many streams which are of the greatest impor- 
tance to the life of the people, not only of the regions through which 
they flow, but of the whole United States. They are of importance to 
the cities situated in the valleys below as sources of water supply. They 
are of importance to the manufacturing interests because of the water 
power which they furnish, and which is just beginning to be developed 
—a source of power which will be of greater importance to the country 
as a whole, with the disappearance of our coal supply and with the 
perfection of the art of transmitting power by electricity. 

2. The extensive forests covering the eastern area of the United 
States have formed one of the most important portions of the national 
wealth. This has been largely depleted by extravagant wastefulness, 
and heretofore no national action has been taken to preserve to the 
people of the United States any part of this wealth east of the Mississippi 
River. It is, therefore, desirable that these portions should be set apart 
without delay, that they may be preserved to the use of the people of the 
whole of the United States. 

3. While there are extensive Forest Reserves already set apart in the 
Western states, the lack of such Reserves in the originally much larger 
forested area of the East has left the Forest Service without adequate 
area where experimental forestry may be conducted under the different 
conditions to be found in this part of the country. 

It is, therefore, desirable that such Reserves should be made where 
it may be determined what are the best methods of planting and harvest- 
ing the forest crop, and where operations may be carried on which will 
not only be a source of revenue to the government, but which will be 
object lessons to the land owners of the adjoining states. 

4. Recreation in the open air and in contact with nature in its most 
pleasing aspects is essential to the mental, moral, and physical health of 
men and women of all ages, and especially to the youth. The proposed 
Forest Reserves would supply an enduring opportunity for such recrea- 
tion, and would, therefore, be an important factor in the preservation of 
the national health. 

Resolved, That the Secretary of the Society be requested to transmit 
a copy of these resolutions to the President of the Senate and the 


“Speaker of the House of Representatives, and to each of the Senators 


“and Representatives representing Massachusetts in the present Congress. 





cE a 


ses 


POE Tcl AD OS BI 














STD Ate irs BRT a6 on Ee I TE 














Proceedings of the Society of Arts 129 


It was voted that the consideration of these resolutions be reserved 
until after the address. 

The chairman then introduced Mr. Philip W. Ayers, State Forester 
of New Hampshire, who gave a most interesting and instructive address 
on the general features of forestry, particularly in regard to the need 
of government protection for the forest supply of the country. He 
brought out very clearly the relation of the present high prices of lum- 
ber to the waning timber supply, and clearly showed the need of a 
careful husbanding of our present supply if we would prevent exorbitant 
lumber prices in a few years to come. The address was illustrated with 
numerous lantern slides. 

After the address it was moved and seconded that the Society adopt: 
the resolutions read previously in regard to the White Mountain and 
Appalachian Forest Reserves, and that a copy of these be sent to 
each Senator and Representative in Congress from New England. 
This motion was unanimously carried. The meeting adjourned at 9.50 
o'clock. 


Boston, January 9, 1908. 

The 643d regular meeting of the Society or Arts was held 
in Room 22, Walker Building, on Thursday evening, January 9, at 
eight o’clock, about one hundred and twenty persons being present. 
Dr. William H. Walker presided. 

The chairman introduced Mr. Rufus F. Herrick, who discussed in 
a most interesting manner “ Denatured Alcohol,”! with special refer- 
ence to its application in the arts. The lecture was illustrated by a 
number of lantern slides, showing various forms of distilling apparatus. 
used in the manufacture of the alcohol, and the speaker showed various 
forms of alcohol lamps, stoves, etc., and specimens of various forms of 
manufactured articles in the production of which alcohol was an essen- 
tial feature. He gave some interesting figures, illustrating the cost of 
alcohol from various sources and the effect of different denaturizing 
formulze in special lines of work. 

After extending the thanks of the Society to the speaker, the 
meeting adjourned at 9.30 o'clock. 





1 Printed in full above, pp. 4-11. 














130 Proceedings of the Soctety of Arts 


Boston, January 23, 1908. 

The 644th regular meeting of the Socrrry or Arts was held in 
Room 22, Walker Building, on Thursday evening, January 23, at eight 
o'clock, about one hundred persons being present. Professor T. A. 
Jaggar, Jr., presided. 

Mr. F. W. McCarter, 17 Lewis Wharf, Boston, was proposed for 
membership, to be voted on at the next meeting. 

The chairman introduced Professor John E. Wolff, of Harvard 
University, who gave a most interesting account of the “ Ascents of 
Orizaba and Jurillo, Two Mexican Volcanoes.” The address was illus- 
trated with numerous lantern slides. The chairman extended the 
thanks of the Society to the speaker, and the meeting adjourned at 
9.30 o'clock. 

WALTER S. LELAND, Secretary. 
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BOOK REVIEWS 
CoNTINUOUS CURRENT ENGINEERING! 


THE author’s object in writing this book is best given in his own 
words: “The aim of the author has been to present the reader with a 
simple and by no means exhaustive account of the component parts of 
a continuous-current lighting and power plant—dynamos, motors, sec- 
ondary cells, measuring instruments, etc. The selection and arrangement 
of these component parts to form a connected system are subjects lying 
outside the scope of this work.” The book is unbalanced in many ways 
—undue prominence being given to some subjects, while others have 
been almost entirely neglected. The fact that it contains a few points 
which have not previously been considered in books of this class may 
make it of use to the student who already has some knowledge of elec- 
trical engineering. One feature which is to be gommended is the tabu- 
lation of much useful technical data. For example, in Chapters IX, X, 
and XI tables have been arranged giving approximate costs, weights, 
efficiencies, and speeds of various sizes of generators, together with other 
useful data on generators and motors of modern design. This idea has 
been carried out in each chapter wherever practicable. At the end of 
some of the chapters the usual text-book problems are given. 

The contents may be summarized briefly as follows: Chapters I to 
VI, with the exception of definitions of units and some theory, deal 
almost entirely with magnetic measurements and calculations—together 
with descriptions of electrical measuring instruments and methods of 
calibrating them. Chapters VI to XIII are devoted to generators and 
motors, details of their mechanical and electrical construction, and the 
characteristics and uses of different types. Several pages are given to 
calculations, and numerous tests are described. Chapters XIII to XVI 
describe secondary cells, their use with boosters and their application 
to other engineering problems ; arc and incandescent lighting, with details 


1Introductory Course of Continuous Current Engineering. By Alfred Hay. New 
York: Van Nostrand, 1907. 10+ 327 pp., il. 8vo. 
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of construction of several makes of lamps; photometric units and descrip- 
tions of several forms of photometers. Chapter XVII describes various 
forms of switches and circuit breakers. Chapter XVIII deals with 
conductors and insulators. nH. GC 


ELEcTRO—-ANALYSIS! 


Tus edition of this well-known and valuable treatise on electro- 
analysis differs from previous editions principally in the addition of 
chapters on the rapid precipitation and separation of metals, the use of 
the mercury cathode, and in the recent methods worked out by the 
author and his students for the rapid analysis of the anions. All of the 
good features of the old editions have been retained and the most recent 
additions to the science have been included. The introduction of the 
rotating electrode has modified electro-analysis very considerably, results 
being obtained now in an hour or less when formerly twenty to twenty- 
four hours were required. The latest devices for rotating the electrodes 
and the application of this process to analyses of various kinds are fully 
discussed. The magnetic rotation of the electrolyte has also been studied, 
and the apparatus necessary for carrying out this operation is described. 

The most novel portion of the book is the description of methods 
for the rapid analysis of salts for the anions. 

The chlorides, bromides, iodides, and, in fact, all salts forming insol- 
uble silver salts may be electrolyzed and the anion deposited on a silver 
electrode in the form of the silver salt. In the same operation the base 
may be deposited in a mercury cathode and subsequently determined 
after reversal of the current by means of a standard acid. 

The book has been brought completely up to date and is presented 
in a new and attractive binding. It is sincerely hoped that the author 
will in future editions give detailed directions for the complete and rapid 
analysis of commercial products, such as the brasses, bronzes, and various 
other alloys. Henry Fay. 





1Electro-Analysis. By Edgar F. Smith. Philadelphia: Blakiston, 1907. Edition 4. 
vi + 336 pp. 
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PUBLICATIONS * 


CHEMISTRY AND CHEMICAL ENGINEERING 


Gilbert N. Lewis——The Specific Heat of Solids at Constant Volume, 
and the Law of Dulong and Petit. Journal American Chemical Society, 


Vol. XXIX, p. 1165. Zeitschrift fiir anorganische Chemie, Vol. LV, 
p. 200. 

Gilbert N. Lewis.—Outlines of a New System of Thermodynamic 
Chemistry. Proceedings American Academy, Vol. XLIII, p. 259. Zeit- 
schrift physikalische Chemie, Vol. LXI, p. 129. 

W. H. Walker.—The Chemistry of Cellulose. Journal Franklin 
Institute, Vol. CLXIV, pp. 131-140. August, 1907. 


Under the generic name “cellulose” is included the organic material which 
forms the skeleton or framework of all vegetable structure from the microscopic 
unicellular bacterium to the giant conifers of Yosemite. While answering to the 
same empyrical formula, C,H,,O,, cellulose from different plants presents, however, 
widely different forms, with an accompanying variation in their chemical properties. 

This paper is more particularly concerned with the various forms of cellulose 
as affected by the chemical reactions of hydrolysis and esterification. The work of 
previous investigators is discussed, and methods for preparing certain new forms 
of hydrocellulose are described. The acetic esters as prepared from hydrocellulose, 
(C,H,,0,),H,O, have properties not possessed by other derivatives of cellulose, 
which make these compounds of considerable value along a number of technical 
lines. 

Among the more important applications for these cellulose acetates may be 
mentioned the insulation of very fine wire for electrical purposes, the manufacture 
of non-inflammable biograph negatives or films, and the preparation of artificial 
silk. 


William H. Walker.—The Annealing of Sterling Silver. Journal of 
American Chemical Society, Vol. XXIX, pp. 1198-1203. August, 1907. 


1In order that the extent of productive work carried on at the Institute may be 
better known, it is designed to publish quarterly a list of the publications of officers 
uf the Institute, together with abstracts when possible. In this list the publications are 
arranged alphabetically by departments and then alphabetically by authors. 
_ The asterisk after the title indicates that a copy of the publication has been placed 
in the library of the Institute. 
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The metal commonly spoken of as “sterling silver” is an alloy of 92.5 per 
cent. silver and 7.5 per cent. copper. As is the case with other alloys, sterling 
silver suffers a change in its physical properties when subjected to mechanical 
treatment, such as rolling, drawing, stamping, etc. ; becoming hard, stiff, and brittle. 
When the alloy is annealed by heating it to low redness, these undesirable prop- 
erties, doubtless due to molecular strains, disappear, and the ware then may be 
subjected to further mechanical treatment. These frequent heatings produce on 
the alloy a scale of black copper oxide, which so long as the articles were finished 
by hand was entirely removed by the subsequent filing and buffing necessary to 
produce the required polished surface. When the more modern methods of rolling 
and stamping were introduced, a very much less severe treatment on the buffing 
wheels was necessary to produce the desired polished surface, and consequently the 
silver was removed to a very much less extent. Under these circumstances there 
appeared upon the finished ware a dark sheen, or reflex, which greatly diminished 
the luster and market value of the goods. This undesirable appearance is called 
by the workmen “fire surface,” and is found to penetrate the silver alloy to a 
distance roughly proportional to the number of times the alloy has been annealed. 
In order to remove this “fire surface” it is necessary to place the ware in strong 
nitric acid and dissolve away the alloy until the darkened portion has disappeared. 
This entails a loss to the manufacturer both from the silver dissolved and the 
danger of deep pitting due to the irregular action of the nitric acid. 

In the investigation here presented, the cause of this “fire surface” is found 
to be the absorption of oxygen by the silver and the formation of copper oxide 
within the alloy. A method is provided by which silverware may be annealed 
and worked without deterioration due to this cause. This method, which is now 
employed in practically all the large silver-producing factories in America, consists 
essentially in annealing the ware in an artificial atmosphere, consisting of a mix- 
ture of inert gases and reducing gases so proportioned that the reducing gases 
(for example, hydrogen and carbon monoxide) prevent the penetration of the 
oxygen present, and the inert gases (carbon dioxide and nitrogen) prevent the 
deterioration of the silver by the absorption of the reducing gases. 


William H. Walker, Anna M. Cederholm, Leavitt N. Bent.—The 
Corrosion of Iron and Steel. Journal American Chemical Society, Vol. 
XXIX, pp. 1251-1265. September, 1907. 


Some time ago an investigation was undertaken with a view to throwing light 
upon the much discussed question as to whether wrought iron is more resistant 
to corrosion than steel. To this end a relatively large quantity of pure iron was 
prepared, and with this as a basis alloys of iron and varying amounts of the 
different elements occurring in commercial iron and steel were made by melting 
the constituents in alumina crucibles heated by an electric furnace operating under 
a high vacuum. In studying the specimens so produced, it early became apparent 
that a more complete understanding of the factors which occasion corrosion and 
the conditions under which corrosion proceeds was necessary in order that our 
results could be intelligently interpreted. A study of the literature on the subject 
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showed it to be so voluminous and so altogether contradictory that, as a first step 
in the study of the general subject of the influence of the constituents of iron or 
steel upon its corrosion, the mechanism of the reactions by reason of which 
corrosion takes place was investigated. 

The theory of corrosion generally held and most frequently given in text- 
books is to the effect that iron will corrode only in the presence of liquid water, 
oxygen, and carbon dioxide. Dr. W. R. Whitney, while at the Institute, enunciated 
a theory based upon Nernst’s conception of electromotive force and the modern 
theory of solutions. He pointed out that corrosion is an electrochemical phenom- 
enon, depending only upon the difference of potential between two points and the 
resistance in the circuit. Iron dissclves in water free frem both oxygen and 
carbon dioxide because the solution-pressure of iron is greater than that of 
hydrogen, in a way analogous to the well-known precipitation of copper from a 
copper sulphate solution by iron, the latter being dissolved. Hence acidic reagents, 
even carbon dioxide, which increase the concentration of the hydrogen ion will 
accelerate corrosion, and, on the other hand, reagents which decrease the concen- 
tration of the hydrogen ion (as, for example, the alkalis or any salts which by 
hydrolysis produce hydroxyl ions) will inhibit corrosion. 

A number of investigators, in repeating Whitney’s work, have failed to dupli- 
cate his results; and the electrochemical theory has not been generally accepted, 
if one may judge by references to the subject made in modern text-books. The 
work of this laboratory shows that Whitney was entirely correct in his conclusions, 
although he omitted one important factor, namely, oxygen. It has been shown 
that iron does dissolve in water free from oxygen and carbon dioxide, but only 
to a limited extent. Action ceases when the cathodic portions of the iron become 
polarized by the separated hydrogen, and continues only when this polarizing 
hydrogen is removed. As a corollary of this, it has been found that the speed 
of corrosion of iron in water is a linear function of the partial pressure of the 
oxygen in the atmosphere above it. Experiments have been devised in which the 
necessity of this depolarization, in order that corrosion may continue, is easily and 
convincingly shown. 

As a result of this work we have: 

(1) Proven again that carbon dioxide is not essential for the corrosion of iron; 

(2) Substantiated the work of Whitney and shown that iron does dissolve in 
the absence of carbon dioxide and oxygen; 

(3) Shown that the primary function of oxygen in the corrosion of iron is 
in depolarizing those cathodic portions of the iron upon which hydrogen tends to 
precipitate, and that a secondary function is the oxidation of the ferrous iron ion 
to the ferric form, with its subsequent precipitation as ferric hydroxide; 

(4) Shown that the rapidity of corrosion in water is a linear function of the 
partial pressure of the oxygen in the atmosphere above the water; 

(5) Shown that an electric current can pass between bright iron and iron 
covered with scale, (1) if the concentration of the hydrogen ions be increased by 
the presence of an acid or (2) if oxygen or some other depolarizing substance be 
present. 

(6) Shown that in certain instances areas having marked difference in potential 
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exist in far greater number upon the surface of a piece of iron prone to corrosion 
than upon iron which is resistant to corrosion. 


William H. Walker and Colby Dill.—The Influence of Stress upon 
the Corrosion of Iron. Proceedings of American Society for Testing 
Materials, Vol. VII, pp. 229-243. December, 1907. 


The influence of stress upon the corrosion of iron and steel is a subject which 
has received a great deal of attention during the last few years, but which, not- 
withstanding the work which has been published upon it, has remained unsettled. 
The fact that in riveted sheet-iron work the rivets and the plate often show a 
marked difference in their rate of corrosion has been frequently noted. Portions 
of bridge members sometimes show a selective corrosion. The barbs of the 
so-called barbed-wire fencing generally corrode more rapidly than do the main 
wires. The differences in corrosion have been explained by some writers of repute 
as due to a difference in potential set up in the two members by the unequal strain 
to which they are subjected. By others this is denied. The present investigation 
was undertaken with the hope of throwing some light upon the question of the 
sign and magnitude of the potential changes caused by straining a piece of iron, 
particularly below the elastic limit, and therefore of the change in the tendency 
of strained iron to corrode. From theoretical considerations the increase in poten- 
tial which a bar of soft iron suffers when strained to its elastic limit is shown to 
be very small—but a fraction of a millivolt. A series of experiments carried on 
with great care confirms this prediction and proves that, notwithstanding a rapid 
increase in the difference of potential while the stress is being applied, which 
difference disappears when the machine producing the stress is at rest, there is 
brought about no condition which materially influences corrosion. 

The results of the foregoing experiments may be summarized as follows: 

1. The magnitude of the potential changes suffered by soft iron when tested 
in a tension machine below the elastic limit is exceedingly small. In the majority 
of cases it was less than 0.0001 volt. The maximum change was 0.0004 volt. This 
change can have no appreciable effect upon corrosion. 

2. The change when great enough to be measured was negative, 7. e., the 
strained metal had a slightly less tendency to corrode than the same metal 
unstrained. 

3. Somewhere above the elastic limit the potential rises suddenly several hun- 
dredths of a volt. The magnitude of the increase depends upon the rate of strain- 
ing and ceases abruptly when the straining ceases. 

4. Measurements upon specimens under torsional stress give results similar 
to those obtained from tension tests. 

5. Out of a considerable number of specimens strained to breaking the poten- 
tial of six reached a constant value shortly after fracture. The difference between 
the initial and final potentials varied from 0.0019 volt to 0.0077 volt. 

We conclude, therefore, that even beyond the elastic limit the corrosion of 
iron is not greatly affected by stress. 
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CiviL ENGINEERING 


George F. Swain.—Report to Massachusetts Railroad Commission on 
Railroad Bridges and Street Railway Bridges. In Report of Railroad 
Commission to Legislature. 


ELECTRICAL ENGINEERING 


Dugald C. Jackson.—College and Apprentice Training. Proceedings 
American Soctety of Mechanical Engineers, Vol. XXIX, pp. 394-396. 
November, 1997. 


Discussion of paper by J. P. Jackson, read before the American Society of 
Mechanical Engineers. 


Dugald C. Jackson, William H. Crumbs, and George W. Wilder.— 
Report on the Telephone Situation in the City of Chicago; in Respect 
to Service, Rates, Regulation of Rates, etc. By a Special Commission. 


April 3, 1907. 124 p. 4to. 


GEOLOGY 


Charles H. Clapp.—The Clays of North Dakota. Economic Geology, 
Vol. II, pp. 551-564. September—October, 1907.* 


The Fourth Biennial Report of the State Geological Survey of North Dakota 
is a report on the clays and clay industries of that state and is based on two years’ 
field laboratory work by Mr. C. H. Clapp, and on the previous work of Professor 
Babcock, of the University of North Dakota, and Dr. Leonard, state geologist of 
North Dakota. 

The contents of the report are as follows: 

Part I.—Clay and its Properties, with Special Reference to North Dakota 
Clays. 

Part I].—Stratigraphy of North Dakota Clays. 

Part III.—Economic Geology of North Dakota Clays. 

Part IV.—Uses and Value of North Dakota Clays. 

Part V.— Methods of Brick Manufacture and Description of the North Dakota 
Industry. 


William Harmon Niles.— Address at the Celebration of the One Hun- 
dredth Anniversary of the Birth of Louis Agassiz. Proceedings of the 
Cambridge Historical Society, Vol.,.X1, pp. 91-96. October, 1907. 


In my address I gave a personal reminiscence of my acquaintance with Pro- 
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fessor Agassiz as a student in his laboratory from 1862 to the time of my gradua- 
tion in 1866. I gave some account of his method of testing applicants for their 
interest in natural history and of his method of training his students to become 
professional naturalists. I spoke of the impression produced upon me by his 
remarkable power of observation, and gave some instances of which I was a 
personal witness. 

I also spoke of his wonderful memory as united with this power of observation. 
Referring to the fact that there are 418 different titles of his writings in science, 
I mentioned but few of them, among them his noted work on Fossil Fishes and 
his work on Glaciers; and mention was made of his teaching the evidences of 
Glacial Action in this country. 

I recalled to memory his joy over a letter from Sir Roderick Murcheson, in 
which at last his glacial theory was accepted. 

I spoke of his great work in founding the Museum of Comparative Zodlogy 
in Cambridge, its wonderful collections, and the numerous men of science who 
received their instruction from him. 


Hervey W. Shimer.— Geology of Connecticut (Book Review). Tech- 
nology Quarterly, Vol. XX, p. 375. September, 1907. 


Reviews Bulletin 6 (Connecticut State Geological and Natural History Survey) 
—a “Manual of the Geology of Connecticut,” by Professors W. N. Rice and H. E. 


Gregory; and Bulletin 7—a “Preliminary Geological Map of Connecticut,” by 
Professor H. E. Gregory and Dr. H. H. Robinson. 


Hervey W. Shimer.—The Broader Features of the Geologic History 
of North America in Diagram. Technology Quarterly, Vol. XX, p. 287. 
The article follows T. C. Chamberlin regarding the alternation of subsidence 
and reélevation of the earth’s crust with the formation and disappearance of 
epicontinental seas, giving an alternate increase and decrease in the amount of 
CO, in the atmosphere; in the sea an alternation of great limestone beds with those 


of clastic origin. These considerations are made the basis of a diagrammatic 
history of the North American continent. 


History AND EcoNoMICcs 


Davis R. Dewey.— National Problems, 1885-1897. The American 
Nation, edited by A. B. Hart, Vol. XXIV. New York: Harper, 1907. 


MECHANICAL ENGINEERING 


Gaetano Lanza.—Compressive and Transverse Tests of Steel Con- 
necting Rods. Proceedings of American Society for Testing Materials, 


Vol. VII, pp. 281-286. Philadelphia, 1907. 
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Gactano Lanza.—Report of the Committee on Standard Methods of 
Tests. Committee V. loc. cit. Vol. VII, pp. 150-156. Philadelphia, 1907. 

Gaetano Lanza.—Discussion of the Report of the Committee of the 
American Society for Testing Materials, on the Tempering and Testing 
of Steel Springs. Joc. cit. Vol. VII, p. 200. Philadelphia, 1907. 


NAVAL ARCHITECTURE 


Walter S. Leland and H. A. Everett.—Service Test on Steamship 
Governor Cobb (Parson’s Turbine). Trans. Society Naval Architects 
and Marine Engineers, November, 1907. Vol. XV. 

C. H. Peabody.—Thermodynamics of the Steam Engine. Edition 5. 
New York: Wiley, 1907. 533 pp. 

C. H. Peabody.—Tables of the Properties of Steam and Other Vapors 
and Temperature-Entropy Table. Edition 7. New York: Wiley, 1907. 
5 + 131 pp., 8vo. 


PHYSICS 


D. F. Comstock.—The Relation of Mass to Energy. Philosophical 
Magazine, January, 1908. 


If a piece of matter be considered as an electrical system, possessing any struc- 
ture or internal motions, but having on the whole a*kind of average symmetry, 
then it may be shown that the electromagnetic mass of such a system for ordinary 
velocities is given by 


Mass = 4 _ £ 
3 V2 


where V is the velocity of light and E is the total electromagnetic energy of the 
system. Thus the mass of the system is determined solely by its energy content, 
and the idea is suggested that mass and energy may have something in common. 
This result has several interesting implications. 

Any reaction which is caused by the action of electric forces will involve a 
change in the electromagnetic energy content of the system, and hence according 
to the above view will be accompanied by a change of mass. This change will, 
of course, in general be a decrease. In the case of ordinary chemical reactions 
calculation shows that this change would be too small to be detected, but in the 
case of radioactivity, where the energy lost is relatively much greater, a sensible 
change is to be expected. Thus on this view the atomic weight of the various 
products of radium cannot be accurately calculated from the number of q-particles 
lost, for there is this further decrease in mass due to the loss of energy. 





*To be reprinted in the June number of the QuaRTERLY, 
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The evolutionary theory of the elements has always met an almost insuperable 
difficulty in the fact that there appears to be no exact regularity of any kind 
throughout the list of atomic weights. 

Some years ago Rydberg came to the conclusion that it was necessary to con- 
sider the atomic weights, up to that of iron, as made up of two distinct parts, 
N +D, where D is a very small difference, a slight deviation in fact from (N). 
Exact harmonious relations exist between the various N’s, and Rydberg seems to 
consider the D’s as representing real physical deviations and not merely mathemat- 
ical remainders. 

From the point of view of loss of mass accompanying energy dissipation, it is 
evident that these small irregularities are just what is to be expected. 

Finally it is to be noticed that if for all matter the ratio of mass to weight 
is sensibly the same, the above mentioned proportionality between mass and 
included energy can only imply that the gravitation of a body is always propor- 
tional to its total energy content, and this constant proportionality seems to point 
toward the conclusion that it is confined energy which gravitates and not mass in 
any other sense. 

It is perhaps well tc point out that the conclusion respecting gravitation involves 
the assumption that all the mass of matter is electromagnetic, while the conclusion 
respecting loss of mass and atomic weight irregularities requires only that the 
forces causing the energy change be electric or magnetic, 7. e., requires only that 
part of the total mass be of electromagnetic origin — Science, N. S. Vol. 26, No. 6609, 
Oct. 25, 1907. 


Charles J. Emerson.—The Effect of Oil in the Cylinder of an Internal 
Combustion Motor. Horseless Age, Vol. XIX, p. 554. April 24, 1907. 


INSTITUTE PUBLICATIONS 


Massachusetts Institute of Technology.— Officers of Instruction, 1907~ 
08. Boston, November, 1907. 

Massachusetts Institute of Technology.—Catalogue of the Officers 
‘and Students. Bulletin of the Massachusetts Institute of Technology, 
Vol. XLIII, No. 1. December, 1907. 








